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[Concluded from p. 360.] 


It is certainly more nearly in accord with many pheno- 
mena observed with high frequency currents to hold that all 
space is pervaded by free atoms, than to assume that it 
is devoid of these, and dark and cold; for so it must be if 
filled with a continuous medium, since in such there can be 
neither heat nor light. Is then energy transmitted by 
independent carriers, or by the vibration of a continuous 
medium? This important question is as yet by no means 
positively answered. But most of the effects which are 


* A lecture delivered before the Franklin Institute, at Philadelphia, 
February 24, 1893, and before the National Electric Light Association, at St. 
Louis, March 1, 1893. 
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here considered, especially the light effects, incandescence, 
or phosphorescence, involve the presence of free atoms and 
would be impossible without these. 

In regard to the incandescence of a refractory button (or 
filament) in an exhausted receiver, which has been one of 
the subjects of this investigation, the chief precautions, 
to be observed in constructing such bulbs, may be summed 
up as follows: 

(1) The button should be as small as possible, spherical, 
of a smooth or polished surface and of that refractory mate- 
rial which best withstands evaporation. 

(2) The support of the button should be very thin, and 
screened by an aluminum and mica sheet, such as I have 
described on another occasion. 

(3) The exhaustion of the bulb should be as high as 
possible, 

(4) The frequency of the currents should be as high as 
practicable. 

(5) The currents should be of a harmonic rise and fall, 
without sudden interruptions. 

(6) The heat should be confined to the button by enclos- 
ing the same in a small bulb or otherwise. 

(7) The space between the walls of the small bulb and 
the outer bulb should be highly exhausted. 

Most of the considerations which we have just considered 
as applying to the incandescence of a solid may likewise be 
applied to phosphorescence. Indeed, in an exhausted vessel 
the phosphorescence is, as a rule, primarily excited by the 
powerful beating of the electrode stream of atoms against 
the phosphorescent body. Even in many cases where there 
is no evidence of such a bombardment, I think that phos- 
phorescence is excited by violent impacts of atoms, which 
are not necessarily thrown off from the electrode but are 
inductively acted upon from the same through the medium 
or through chains of other atoms. That mechanical shocks 
play an important part in exciting phosphorescence in 
a bulb may be seen from the following experiment. If 
a bulb, constructed like that illustrated in Fig. zo, be 
exhausted as thoroughly as possible, so that the discharge 
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cannot pass, the filament / acts by electrostatic induction a i 
upon the tube ¢ and the latter is set in vibration. If the an ip 
tube oe be rather wide, about an inch or so, the filament “iii 
may be so powerfully vibrated that when it strikes the glass “s 
tube it excites phosporescence. The phosphorescence, how- 
ever, ceases when the filament comes to rest. The vibration 4 ; W 
can be arrested and again started by varying the frequency : ti 
of the currents. Obviously, the filament has its own period at | 
of vibration, and if the frequency of the currents is such | i 
that there is resonance, it is easily set vibrating, though 4 te 
the potential of the currents be small. I have often ob- a» 
served that the filament in the bulb is destroyed by such - hi 
mechanical resonance. The filament vibrates, as a rule, so qi " 
rapidly that it cannot be seen, and the experimenter may at Bait 
first be mystified. When such an experiment as the one 4 i 
described is carefully performed, the potential of the cur- . Bt i 
rents may be extremely small, and for this reason I infer F 4 
that the phosphorescence is then due to the mechanical i. q 
shock of the filament against the glass, just as it is pro- ae 
duced by striking a loaf of sugar with a knife. The me- if a i 
chanical shock produced by the projected atoms is easily i) i a 


noted when a bulb containing a button is grasped in the 
hand and the current turned on suddenly. I believe that a 
bulb could be shattered by observing the conditions of i. 
resonance, 
In the experiment before cited, it may of course be said 
that the glass tube, upon coming into contact with the fila- 
ment,retains upon the point of contact a charge of a certain 
sign. If now the filament again touches the glass on the 
same point while it is oppositely charged, the charges equal- 
ize, with an evolution of light. But nothing of importance 
would be gained by such an explanation. It is unquestion- 
able that the initial charges given to the atoms or to the 
glass play some part in exciting phosphorescence. So, for if 
instance, if a phosphorescent bulb be first excited bya high | 
irequency coil, by connecting it to one of the terminals of ag 
the latter, and the degree of luminosity noted, and then the 
bulb be highly charged from a Holtz machine by attaching 
‘ preferably to the positive terminal of the machine, 
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it is found that when the bulb is again connected 
to the terminal of the high frequency coil, the phosphor- 
escence is far more intense. On a previous occasion | 
considered the possibility of some phosphorescent phenom- 
ena in bulbs being produced by the incandescence of an 
infinitesimal layer on the surface of the phosphorescent 
body. Certainly, the impacts of the atoms are powerful 
enough to produce intense incandescence by their collisions, 
since they quickly bring to a high temperature a body of 
considerable bulk. If any such effect exists, then the best 
known appliance for producing phosphorescence in a bulb, 
is a disruptive discharge coil giving an enormous poten- 
tial with but few fundamental discharges, say 25 to 30 per 
second, just enough to produce a continuous impression 
upon the eye. It is a fact that such a coil excites phos- 
phorescence under almost any conditions and at all degrees 
of exhaustion, and I have observed effects which appear to 
be due to phosphorescence even at ordinary pressures of the 
atmosphere, when the potentials are extremely high. But 
if phosphorescent light is produced by the equalization of 
charges of electrified atoms (whatever this may mean ulti- 
mately), then the higher the frequency of the impulses or 
alternate electrifications, the more economical will be the 
light production. It is along known and noteworthy fact that 
all the phosphorescent bodies are poor conductors of elec- 
tricity and heat, and that all bodies cease to emit phosphor- 
escent light when they are brought to a certain temperature. 
Conductors, on the contrary, do not possess this quality. 
There are but few exceptions to the rule. Carbon is one of 
them. Becquerel noted that carbon phosphoresces at a 
certain elevated temperature preceding the dark red. This 
phenomenon may easily be observed in bulbs provided with 
a rather large carbon electrode (say a sphere of six milli- 
metres diameter). If the current be turned on after a few 
seconds, a snow-white film covers the electrode, just before it 
becomes dark red. Similar effects are noted with other con- 
ducting bodies, but probably not many scientific men will 
attribute them to true phosphorescence. Whether true 
incandescence has anything to do with phosphorescence 
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excited by atomic impact or mechanical shocks, still remains 
to be determined, but it is a fact that those conditions which 
tend to localize and increase the heating effect at the point 
of impact are almost invariably the most favorable for the 
production of phosphorescence. So, if the electrode be very 
small, in other words, if in general, the electric density is 
great, if the potential be high, and if the gas be highly rare- 
fied (conditions implying high speed of the projected atoms, 
or matter, and consequently violent impacts), the phosphor- 
escence is very intense. If a bulb provided with a large 
and a small electrode be attached to the terminal of an 
induction coil, the small electrode excites phosphorescence, 
while the large one may not do so, because of the smaller 
electric density and hence smaller speed of the atoms. A 
bulb provided with a large electrode may be grasped with 
the hand while the electrode is connected to the terminal of 
the coil and it may not phosphoresce, but if, instead of grasp- 
ing the bulb with the hand, the same be touched with a 
pointed wire, the phosphorescence at once spreads through 
the bulb, because of the great density at the point of con- 
tact. With low frequencies it seems that gases of great 
atomic weight excite more intense phosphorescence than 
those of smaller weight, as for instance, hydrogen. With 
high frequencies the observations are not sufficiently relli- 
able to justify a conclusion. Oxygen, as is well known, 
produces exceptionally strong effects, which may in part be 
due to chemical action. A bulb with hydrogen residue seems 
to be most easily excited. Those electrodes which are most 
easily deteriorated produce the most intense phosphorescence 
in bulbs, but the condition is not permanent because of the 
impairing of the vacuum and the deposition of the electrode 
matter upon the phosphorescent surfaces. Some liquids, as 
oils for instance, produce magnificent effects of phosphores- 
cence (or fluorescence ?), but they last only a fewseconds. So if 
a bulb havea trace of oilon the walls and the current is turned 
on, the phosphorescence only persists for a few moments 
until the oil is carried away. Of all bodies so far tried, sul- 
phide of zine seems to be the most susceptible to phosphor- 
escence. Some samples obtained in Paris through the 
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kindness of Professor Henry were employed in many of these 
bulbs. One of the defects of this sulphide is, that it loses its 
quality of emitting light when brought to a very moderate 
temperature. It can, therefore, be used only for feeble 
intensities. An observation which might deserve notice is, 
that when violently bombarded from an aluminum electrode 
it assumes a black color, but singularly, it returns to the 
original condition when it cools down. 

The most important fact arrived at in pursuing investiga- 
tions in this direction is, that in all cases it is necessary, in 
order to excite phosphorescence with a minimum amount 
of energy, to bear in mind that no matter what may be 
the frequency of the currents, the degree of exhaustion 
and the character of the bodies in the bulb, there is always 
a certain potential (assuming the bulb excited from one 
terminal) or potential difference (assuming the bulb to 
be excited with both terminals) which produces the most 
economical result. If the potential be increased, consider- 
able energy may be wasted without producing any more 
light, and if it be diminished, then again the light produc- 
tion is not aseconomical. The exact condition under which 
the best result is obtained seems to depend on many differ- 
ent circumstances, and the subject requires further investi- 
gation. In the meantime the required condition must be 
approximated as closely as possible in order to obtain the 
most favorable results. 

Coming now to the most interesting of these phenomena, 
the incandescence or phosphorescence of gases, at low pres- 
sures or at the ordinary pressure of the atmosphere, we 
must seek the explanation of these phenomena in the same 
primary causes; that is, in shocks or impacts of the atoms. 
Just as molecules or atoms beating upon a solid body excite 
phosphorescence in the same or render it incandescent, so 
when colliding among themselves they produce similar 
phenomena. But this is a very insufficient explanation and 
concerns only the crude mechanism. Light, as is well- 
known, is produced by vibrations, of inconceivable rapidity. 
If we compute, from the energy contained in the form of 
known radiations in a definite space, the force which is 
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necessary to set up such rapid vibrations, we find that 
though the density of the ether is incomparably less than 
that of hydrogen or of any other known body, the force is 
something surpassing comprehension. What is this force, 
which, in mechanical measure, may amount to thousands 
of tons per square inch? In the light of modern views, we 
call it electrostatic force. It is impossible to conceive how a 
body of measurable dimensions could be charged to so high 
a potential that the force would be sufficient to produce 
these vibrations. Long before any such charge could be 
imparted to the body it would be shattered into atoms. The 
sun emits light and heat, and so does an ordinary flame or 
incandescent filament, but in neither of these can the force 
be accounted for if it be assumed that it is associated with 
the body as a whole. Only in one way may we account for 
it, namely, by identifying it with the atom. An atom is so 
small, that if it be charged by coming in contact with an 
electrified body and if the charge be assumed to follow the 
same law as in the case of bodies of measurable dimensions, 
it must retain a quantity of electricity capable of account- 
ing for these forces and for these tremendous rates of vibra- 
tion. But the atom behaves singularly in this respect; it 
always takes the same “ charge.” 

It is very likely that resonant vibration plays a most 
important part in all manifestations of energy in nature. 
Throughout space all matter is vibrating, and all rates of 
vibration are represented, from the lowest musical note to 
the highest pitch of the chemical rays; hence, an atom, ora 
complex of atoms, no matter what its period, must find a 
vibration with which itis inresonance. When we consider 
the enormous rapidity of the light vibration, we realize the 
impossibility of producing such vibrations directly with any 
apparatus of measurable dimensions, and we are driven to 
the only possible economical means of electrically setting 
up waves of light, that is, by so affecting the molecules or 
atoms of a gas as to cause them to collide and vibrate. We 
must then ask ourselves, how can free molecules or atoms 
be thus affected ? 

That they can be affected by electrostatic force, is 
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apparent from many of these experiments. By varying the 
electrostatic force we can agitate the atoms and cause them 
to collide so as to evolve heat and light. It is not incon- 
testably demonstrated that we can affect them otherwise. 
If a luminous discharge is produced in a closed exhausted 
tube, do the atoms arrange themselves in obedience to 
any other than electrostatic force acting in straight 
lines from atom to atom? Only recently I investigated 
the mutual action between two circuits with extreme rates 
of vibration. If a battery of a few jars (cc, cc, Fig. 32) be 
discharged through a primary P of low resistance (the con- 
nections being as illustrated in Figs. rga, 196 and 79gc), and if 
the frequency of vibration be many million, there are great 
differences of potential between points on the primary not 


Fic. 32.—Electrostatic action between primary and secondary, with 
extremely high frequencies. 


more than a few inches apart. These differences may be 
10,000 volts per inch, if not more, taking the maximum value 
of the E.M.F. The secondary s is therefore acted upon by 
electrostatic induction, which is in such extreme cases of 
much greater importance than the electro-dynamic. To 
such sudden impulses the primary as well as the secondary 
are poor conductors, and therefore great differences of poten- 
tial may be produced by electrostatic induction between 
adjacent points on the secondary. Sparks then may leap 
between the wires and streamers become visible in the dark 
if the light of the discharge through the spark gap dd be 
carefully excluded. If now we substitute a closed vacuum 
tube for the metallic secondary s, the differences of poten- 
tial produced in the tube by electrostatic induction from 
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the primary are fully sufficient to excite portions of it; but 
as the points of certain differences of potential on the 
primary are not fixed, but are, generally, constantly changing 
in position, a luminous band is produced in the tube, appar- 
ently not touching the glass, as it should if the points of 
maximum and minimum differences of potential were fixed 
onthe primary. I do not exclude the possibility of such a 
tube being excited by electro-dynamic induction only, for 
very able physicists hold this view; but, in my opinion, there 
is as yet no positive proof given that atoms of a gasin a 
closed tube may arrange themselves in chains under the 
action of an electro-motive impulse produced by electro- 
dynamic induction in the tube. I have been unable so far 
to produce striz in a tube however long, and at whatever 
degree of exhaustion; that is, striae at right angles to the 
supposed direction of the discharge or the axis of the tube, 
but I have distinctly observed in a large bulb, in which a 
wide luminous band was produced by passing a discharge 
of a battery through a wire surrounding the bulb, a circle 
of feeble luminosity between two luminous bands, one of 
which was more intense than the other. Furthermore, with 
my present experience of the subject, I do not think that 
such a gas discharge in a closed tube can vibrate as a 
whole. I am convinced that no discharge through a gas 
can vibrate. The atoms of a gas behave very curiously in 
respect to sudden electric impulses. The gas does not seem 
to possess any appreciable inertia tosuch impulses, for it is 
a fact, that the higher the frequency of the impulses, the 
greater the freedom with which the discharge passes through 
the gas. If the gas possesses no inertia it cannot vibrate, 
for some inertia is necessary for free vibration. I conclude 
from this that if a lightning discharge occurs between two 
clouds, there can be no oscillation, such as would be expected 
in view of the capacity of the clouds. But if the lightning 
discharge strike the earth, there is always vibration in the 
earth, but not in the cloud. Ina gas discharge each atom 
vibrates at its own rate, but there is no vibration of the con- 
ducting gaseous mass as a whole. This is an important 
consideration in the great problem of producing light eco- 
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nomically, for it teaches us that to reach this result we must 
use impulses of very high frequency and necessarily also of 
high potential. Itis a fact that oxygen produces a more 
intense light than hydrogen, in a tube. This is because 
oxygen atoms possess more inertia and the vibration does 
not die outinstantly. But then nitrogen should be as good, 
as oxygen, while chlorine, and the vapors of many bodies 
should be much better unless the magnetic properties of 
oxygen come prominently into play. Or,is the process in 
the tube of an electrolytic nature? Many observations cer- 
tainly indicate that it is, the most important of these being 
that matter is always carried away from the electrodes, so 
that the vacuum in a bulb cannot be permanently main- 
tained. If such a process takes place in reality, then again 
must we have recourse to high frequencies, for, with such, 
electrolytic action should be reduced to a minimum, if not 
rendered entirely impossible. It is an undeniable fact that 
with very high frequencies, provided the impulses be of a 


F1G. 33.—Carbon deposit in tube in a magnetic field. 
harmonic nature, like those obtained from an alternator, 
there is less deterioration and the vacua are more perma- 
nent. With disruptive discharge coils, there are sudden 
rises of potential and the vacua are more quickly impaired, 
for the electrodes are deteriorated in a very short time. It 
was observed in some large tubes, which were provided with 
heavy carbon blocks B &,, connected to platinum wires w 
w, (as illustrated in Fig. 33), and which were employed in 
experiments with the disruptive discharge instead of the 
ordinary air gap, that the carbon particles under the action 
of the powerful magnetic field in which the tube was placed, 
were deposited in regular fine lines in the middle of the tube, 
as illustrated. These lines were attributed to the deflection 
or distortion of the discharge by the magnetic field, but why 
the deposit occurred principally where the field was most 
intense did not appear quite clear. A fact of interest like- 
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‘ wise noted was that the presence of a strong magnetic field ate 
f increases the deterioration of the electrodes, probably by : 
$ reason of the rapid interruptions it produces, whereby there is a 
i actually a higher E.M.F. maintained between the electrodes. ci | 
; Much might be said about the luminous effects pro- A if 
duced in gases at low or ordinary pressures. With the ay 
present experiences before us, we cannot say that the inti- 
mate nature of these charming phenomena is sufficiently Bi 
q 
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Fic. 34.—Spoke wheel, drum winding, alternate motor winding, ring wind- 
ing. Some of the designs produced by intermittent discharges. “Bi 


é known. But investigations in this direction are being 
Ke pushed with exceptional ardor. Every line of scientific 
a pursuit has its fascinations, but electrical investigation 
appears to possess a peculiar attraction, for there is no a 
experiment or observation of any kind in the dominion of a 
this wonderful science which would not forcibly appeal to ae 
us. Yet to me it seems, that of all the many marvellous m fi 
things we observe, a vacuum tube, when, excited by an 8 
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electric impulse from a distant source, it bursts forth, out of 
the darkness illuminating the room with its beautiful light, 
is as lovely a phenomenon as can greet our eyes. More inter- 
esting still it appears when, by reducing the fundamental 
discharges across the gap to a very small number and wav- 
ing the tube about we produce all kinds of designs in lumi- 
nous lines. So, by way of amusement, I take a long straight 
tube, or a square one, or a square attached toa straight tube, 
and by whirling them about in the hand I imitate the spokes 
of a wheel, a Gramme winding, a drum winding, an alter- 
nate current motor winding, etc. (Fig 34.) When seen 
from a distance the effect is weakened and much of its 
beauty is lost, but to one who sees the phenomenon close at 
hand it is irresistibly charming. 

In presenting these insignificant results, I have not 
attempted to arrange and codrdinate them as would be 
proper in a strictly scientific investigation in which every 
succeeding result should be a logical sequel of the preceding 
one, so that it might be guessed in advance by the careful 
reader orattentive listener. I have preferred to concentrate 
my energies chiefly upon advancing novel facts or ideas 
which might serve as suggestions to others, and this may 
serve as an excuse for the lack of harmony. The explana- 
tions of the phenomena have been given in good faith and 
in the spirit of a student prepared to find that they admit 
of a better interpretation. There can be no great harm 
in a student taking an erroneous view, but when great 
minds err, the world must dearly pay for their mistakes. 
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Tue HISTORY anp MODERN DEVELOPMENT or 
THE ART or INTERCHANGEABLE CON- 
STRUCTION 1n MECHANISM. 


By W. F. DURFEE. 


I am to speak to you of the history and modern develop- 
ment of the art of interchangeable construction in mech- 
anism. 

This subject is so vast that it is impossible to treat it 
exhaustively in a single paper; nothing short of a copiously 
illustrated volume can convey an adequate understanding 
of the long, devious and weary way traversed by mankind 
in the journey towards the highest attainable perfection in 
handiwork, tools, machinery and their products. 

The most that I hope to succeed in doing on this occa- 
sion, is to excite an interest in the history of the develop- 
ment of mechanical processes and apparatus, by brief 
notices of the more important inventions which, like mile- 
stones, mark the various stages of the road along which 
improvement has journeyed. 

The study of the development of the mechanical adapta- 
tion of means to ends, is as essential to the thorough edu- 
cation of an engineer, as is a knowledge of biblical history, 
and of the lives of the fathers, to a theologian, or an 
acquaintance with Czsar’s commentaries and Jomini’s Art 
of War to a soldier who aspires to command. Study of the 
laws of suecess is always assisted by an investigation of 
the causes of failure. Mechanical progress in the future can 
receive no more powerful acceleration than that furnished 
by a thorough knowledge of the laws underlying the suc- 
cesses and failures of past time. 

That great Scotch-Englishman, Thomas Carlyle, tells us 
that: “ Man is a tool-making animal; weak in himself, and 
of small stature, he stands on a basis, at most for the flat- 
est-soled, of some half square foot, insecurely enough; has 
to straddle out his legs, lest the very wind supplant him. 
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Feeblest of bipeds! Three quintals are a crushing load for 
him; the steer of the meadow tosses him aloft like a waste 
rag. Nevertheless, he can make tools; can devise tools; 
with these the granite mountain melts into light dust before 
him ; he kneads glowing iron as if it were soft paste; seas 
are his smooth highway, winds and fire his unvarying steeds; 
nowhere do we find him without tools; without tools he is 
nothing ; with tools, he is all.” Let us examine some of the 
work of this tool-devising and tool-using animal, and note 
his exercise of the creative power, with which he has been 
endowed, in the invention of tools and processes that 
enable the artisans of our day to produce those marvels of 
interchangeable mechanism which are the crowning glory 
of human skill in these closing years of the nineteenth 
century. 

In looking backwards through the long perspective of 
the receding centuries for the first indication of an appre- 
ciation by man of the advantages of interchangeable con- 
struction, we recognize in the hands of the pioneers of the 
race, as they emerge from that “great deep” which, “ with- 
out form and void,” lies beyond the limits of authentic his- 
tory, weapons and tools that possess the elements of inter- 
changeability in as high a degree of development relatively 
to the knowledge of the times, as the most refined illustra- 
tion of the art in our own day. 

The bow of the primeval man had a sinewy string that 
would fit any other bow; his arrows were adapted to any 
bow-string; his paddle could be used in any canoe; the 
head of his spear would fit any shaft, and his uncouth 
hammer of stone, from the great interchangeable manufac- 
tory of nature, could drive a tent peg into the earth or 
a crush skull into fragments. 

There is nothing improbable in the supposition that all the 
primitive arts originated in man’s necessities and that a very 
general diffusion of a successful practice of those first essen- 
tial processes was not only the explanation of their pre- 
servation but was the creator of wants more or less artifi- 
cial. To satisfy these, other arts were devised, which in their 
turn led the way to more complex needs; one satisfied want 
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creating an unsatisfied desire, which inventive genius grati- 
fied. 

Thus, step by step, through long ages past, mankind has 
progressed. 

This slow engrafting of the artificial upon the natural 
man, has been noticed by many ancient writers. Virgil 
says : 

* Jove willed that man, by long experience taught, 
Should various arts invent by gradual thought.” 


Those who undertake to trace backward the development 
of civilization, cannot fail to note that all the more impor- 
tant inventions and discoveries have had, as a rule, more 
than one claimant. This rule has so frequently asserted 
itself, that it seems to justify the belief, that, when in the 
fulness of time, the world had become prepared for a deci- 
sive advance in the sciences or the arts, an overruling power 
indicated simultaneously to minds separated oftentimes by 
continents and oceans, some way to satisfy the growing 
needs of mankind. 

Those whose prophetic minds are caused to see clearly, 
not only the scope of a pressing need, but also the means of 
satisfying it, we call discoverers and inventors; and such 
are deserving of honor and reward commensurate to the 
value of their services in the cause of human progress; 
but, unfortunately, they have too often been defrauded of a 
just recognition, and some paltry pilferer has been allowed 
to appropriate a recompense to which he hal no righteous 
claim. A conspicuous instance of honor bestowed upon the 
undeserving, is furnished by the name of the Western 
World: Emerson tells us that Amerigo Vespucci, a 
“ pickle dealer at Seville, who went out in 1499, a subaltern 
with Hojeda, and whose highest naval rank was boatswain’s 
mate in an expedition that never sailed, managed in this 
lying world to supplant Columbus and baptize half the 
earth with his own dishonest name.” 

Names long established in geography and politics are 
not readily interchangeable, but, were it otherwise, one of 
the just results of this grand gathering of the nations on 
the soil of the continent discovered by Columbus, would be 
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the substitution of his name in all coming time for that of 
the “ pickle dealer of Seville.” 

The term “interchangeable,” as applied to mechanism, 
implies an ability to make a machine and all its component 
details exactly like a model; and if, in the making of a mul- 
titude of examples of a specific machine, the several details 
are made exactly like those of the model, it is obvious 
that any one of these details can take its appropriate place, 
and perform perfectly its allotted functions in any one of 
the machines. 

In decorative art, what is sought is a systematic and 
pleasing adaptation of ornamental variety to the require- 
ments of a particular object or situation, and uniformity of 
detail generally involves a sacrifice of artistic effect; but in 
the design of mechanism true art consists in the fitness of 
all the parts for their intended structural and functional 
purposes; and in the duplication of machines, conspicuous 
uniformity never advertises the poverty of art, but rather, 
by a satisfying sense of the “eternal fitness of things” 
mechanical, furnishes a material realization of true beauty, 
which has been defined as “the completeness of the whole, 
and the perfection of the parts.”* 

The more prevalent modern idea of the interchangeable 
in mechanism, supposes a super-refinement of accuracy of 
outline and general proportions that is not always necessary 
or even desirable. It would be a criminal waste of time 
and substance to fit a harrow tooth with mathematical 
accuracy, but yet any harrow tooth should have a practically 
interchangeable relation to all harrows for which it is 
designed. The instructive rewards of folly would certainly 
overtake him who should attempt to make “plow-shares” 
and “coulters” with radical exactness; nevertheless, these 
essential parts of plows should be interchangeable among 
all plows to which they are adapted. 

It is fortunate that there is a recognized practical rough- 
ness of interchangeability, and that the refinements of agri- 


*** True beauty consists in the completeness of the whole, and the per- 
fection of the parts.".—REv. THEODORE PARKER. 
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culture have not in our day reached the point which that Be 
great captain of romance, Lemuel Gulliver, tells us had been 
attained in the wonderful kingdom of Laputa, which he a 
claimed to have discovered. This allusion to the com- ny | 
mon modern practice of making the parts of agricultural | 
implements and mechanism roughly interchangeable, natur- iat 
ally calls to mind the earliest method of making the metallic 4 
parts of implements and apparatus in like manner—the art 
of casting. 

This art has come down to us from a period of which 
history is ignorant, and from a people whose foot-prints have 
been obliterated by the dust and déris of countless centuries. 

We shall never know who made the first crude casting or 
the circumstances attending its production. In that rude 
period, doubtless : 


‘Th’ invention all admir’d, and each how he 
To be th’ inventor miss'd; so easy it seem'd, 
Once found, which yet unfound most would have thought 


Impossible! 


Few, if any, of the arts have had more potent influence 
than that of casting, upon the progress of humanity on 
its long journey from primitive barbarism to what each 
succeeding age, even to our own day, has complacently 
described as “ modern civilization.” 

Whoever the discoverer of this art was, whether the Vul- 
can of Mythology or the Tubal Cain of the Scriptures, he is 
deserving of most honorable recognition; and if present 
civilization was disposed to be as just to its creators as that 
of ancient Greece, it would imitate its altars “to the q 
unknown gods” by the erection of a monument of no mean 4 4 
proportions to the unknown inventors, who, by their dis- hae 
coveries, laid broad and deep the foundations of the arts of nus 
our time. 

It is not germane to our purpose to dilate upon what has Sas 
been accomplished by the art of casting among ancient id 
peoples; examples of castings in brass and bronze, designed ig 
both for ornament and utility, abound in the museums of aa 
the world, but perhaps it may not be without interest, in of ae 
-onsidering the antiquity of casting in iron, to call your .@ 
CXXXVI. 27 
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attention to a matter of evidence that has not hitherto 
received much consideration. 

It is well known that the heads of the battering machines 
used in ancient warfare were sometimes made of iron and 
shaped like the head of a ram; from this fact, and from the 
nature of its movement when in action, these machines 
were called battering-rams. The heads of these machines 
were exposed to a terribly destructive impact when in use, 
and therefore it is justifiable to suppose that they would 
have been made of a material easily shaped and from which 
duplicate heads could readily be supplied. Forged iron 
does not fulfil these conditions, for it was difficult to obtain 
in large masses at that time, and it is absurd to suppose that 
the ancients would have expended the time and labor neces- 
sary to carve a lump of wrought iron in the elaborately real- 
istic way indicated by all the representations of battering- 
rams shown on ancient monuments. As it is certain that 
these “‘rams heads” were often made of iron, it appears to 
be more than probable that some tough variety of cast iron 

yas used, in which case a new head could promptly take 
the place of a broken one, and the business of the siege go 
on without serious interruption. 

Another evidence of the appreciation of the value of 
interchangeability of similar parts in ancient weapons of the 
heavier sort, is found in the gearing for twisting the funicu- 
lar springs of catapults. This gearing is described by 
Rollin* as being made of cast brass or iron, but the Cheva- 
lier Folardt+ states that it was made of cast iron. 

The origin of the catapult is uncertain, but it is believed 
to have been used by Nebuchadnezzar at the siege of Jeru- 
salem and Tyre (588-586 B. C.) 

Thus early did military engineers perceive the advan- 
tages of interchangeability among the more important simi- 
lar metallic parts of machines of war; and thus early does 
cast iron appear as a material from which some of these 
parts were constructed. 

* The History of the Arts and Sciences of the Ancients, By Mr. Rollin, 


3 vol., London, 1768. 
+ Histoire de Polybe, Amsterdam, 1729. 
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Neglecting minor ancient examples of the interchange- 
ability of parts produced by the art of casting, we come to 
the making of movable types. 

This art is without doubt the most important exemplifi- 
cation of the grand results that have sprung from the 
original discovery that metals could be given any desired 
form by melting them and pouring them into moulds. 

The printer’s art rests firmly and solidly upon the art of 
casting ; fer the experience and skill of man for the past 
450 years has utterly failed to find a satisfactory substitute 
for the art of casting by which to produce with requisite 
economy and precision the interchangeable type whose 
invention marks distinctly the beginning of a new era in 
the life of men upon the earth. As soon as movable types 
were invented, it became evident that extreme accuracy was 
essential in their production; in each variety of character in 
a “font” all types of the same letter must be alike both in 
“face” and “ body,” and the “ bodies” of all type must be so 
related to each other, and to the “quads” and “ spaces,” 
that a given length of line can be perfectly filled. In the 
history of mechanical development nothing possible of 
attainment by ingenuity and handiwork has ever been asked 
of the artisans of the world that they did not immediately 
supply; and so this demand for a precision of execution 
unheard of before was met by workmen whose skill was 
quite equal, if not superior, to that of any of our time. 

Some recent careful examinations and measurements of 
repetitions of the same word in “ black letter” volumes about 
four centuries old, prove the correctness of the statement 
just made, for the agreement is quite as close as that noted in 
modern publications. Inestimating the skill of the original 
type founders, we must not fail to remember that they were 
destitute of all those tools which are considered essential by 
modern skilled workmen for the production of accurate work 
in metal. 

‘“ Lathes,” as then made, were crude and sporadic. 

The “ planing machine” was 300 years in the future, and 
the “shaping machine ” fifty years more remote. 

The “ micrometer” was 180 years ahead of them. 
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The “milling machine” was far below their horizon of 
time. 

The “ black lead pencil” hadnot been invented; and the 
English unit of lineal measurement was a “ barleycorn.” 

For the execution of good work, such as that required on 
the moulds for type, the type founder of those days was 
obliged to depend upon hammers, chisels, files, gravers, 
scrapers, grinding, the bow-drill, and burnishers ; these were 
the tools which skilful hands and keen eyes then used in 
the shaping of metals. 

While the originators and early practicers of the art of 
printing, who were also type founders, were successful in 
casting types that would interchange among those of 
the same founder; the types made by different founders 
would not interchange with each other, and it is to the 
credit of American artisans that they have perfected 
a system of manufacture by which it is quite possible to 
“make up” a“form of type” as large asthe side of an 
ordinary newspaper, and, notwithstanding that the types 
may have come from half-a-dozen foundries, not a type 
will leave its place when the form is held horizontally by its 
“ chase.” 

In recent years the art of casting type has been combined 
with the art of “composing” or assembling them into words 
and sentences. By means of exquisite mechanism actuated 
by power and controlled by keys properly fingered by the 
compositor, certain “letter matrices ” are arranged in exact 
order at the bottom of amould. Whenever a sufficient num- 
ber of such matrices are assembled to form a line of prede- 
termined length, melted type metal is forced into the mould, 
and as soon as it solidifies, the solid line of type (hence the 
name, “linotype,” of the apparatus) is thrown out of the 
machine. This maciiine is a splendid example of the mod- 
ern system of interchangeable construction, and for accu- 
racy of workmanship and the perfect adaptation of means 
to ends, as well as for its rapidity of operation, it deserves 
to take rank among the wonders of human ingenuity. 

The art of “stereotyping ” is only an amplification of the 
art of casting single type, and to such perfection has the art 
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attained in some of the larger newspaper offices, that it is 
not unusual to make a papier-maché mould from the flat 
form of type, curve this mould to a proper radius, cast the 
“stereotype” from the mould, secure it to the cylinder of 
the fast press, and have the newsboys crying the ~ edition 
of the Heraldic Tribune and Cosmopolitan Sun, within twenty 
minutes after the arrival of the “form” in the stereotype 
room of the printing office. 

For the invention of the art of printing, the world is 
indebted to Germany, and if that great nation, 


‘Renowned for arts and arms, 
For manly talent and for female charms,” 


had never made any other contribution to the common- 
wealth of knowledge, it would still be entitled to the grate- 
ful homage of mankind throughout the ages yet to be. 

So noble an art as that of printing deserves the best that 
thought of brain and skill of hand can give. It has made 
the possibility and potentiality of knowledge the common 
heritage of all lands and peoples, and constituted itself the 
integrator and conservator of the science of the whole 
world. 

Nations may rise or fall, dynasties may perish; but so 
long as man dominates the earth, the art of printing will be 
the educator of the succeeding generations, and will hand 
down from father to son, even unto the end of time, the 
ever accumulating wisdom of the rolling years. 

For more than a century after the invention of printing, 
very little progress was made in mechanical invention. 
Feebly and with uncertain grasp the intellectual powers of 
man contended with the physical forces of nature; and all 
the world seemed to be awaiting the coming of some domi- 
nant genius like that of the great Sir Francis Bacon, through 
whom came such revelations of the force and scope of induc- 
live reasoning, as changed the currents of civilized thought 
and conferred new powers and possibilities upon the mind 
of man, 

From the time of Lord Bacon, human intelligence seemed 
to arouse itself from the torpor of past ages, and to assert, 
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by manifestation of a latent ingenuity and with an ever grow- 
ing confidence, its creative power and supremacy over mate- 
rial things. This growing belief in the vast possibilities of 
the future, respecting discoveries in science and inventions 
in art, was quaintly expressed by Sir Hugh Platt, who, writ- 
ing in 1595,* says: “That it is time, and high time, to let 
the world and all posterity to understand, that if our English 
artists (whereof sundrie in my knowledge are of such rare 
and singular conceipt, as they are, yea, and would also be 
found willing, if the stipend of honor and merit were now 
propounded, fully to discover a world of new inventions), 
they. would bring forth so many, so rich, and so ines- 
timable buds and blossoms of skill, as neither any civil 
policy that hath been hitherto shut upin printed books, nor 
any religious charity that hath been so often and so divinely 
sounded in at our deaf ears, could yet produce or show 
any comparable effects unto them.” After briefly specify- 
ing a dozen inventions, for each of which large claims are 
made, Sir Hugh says: “I have always found it in mine 
own experience, an easier matter to devise many and very 
profitable inventions, than to dispose of one of them to the 
good of the author himself.” In which conclusion, probably, 
most modern inventors will agree. 

Among the first elements of mechanism to be made inter- 
changeable by means of machine tools was the toothed 
gear wheel. An appreciation of the advantages of accuracy 
in the form of its teeth and of uniformity in their spacing 
was first decisively manifested by makers of clocks and 
watches, 

A general idea of a wheel dividing and cutting machine was 
first suggested by Dr. Hooke, in the latter part of the seven- 
teenth century, but the first tool of the kind acutally used is 
believed to have been made in France, and to have been simi- 
lar to one described in Bion’s work on mathematical instru- 
ments, published in 1702. The French were very much in 
advance of other nations in the invention of tools and appara- 


* 4 discoverie of certaine English wants, which are royally supplied in 
this treatise. By H. Platt, of Lincoln’s Inn, Esquire, printed at London by 
P. S. for William Ponsonby, 1595. 
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tus for the making of clocksand watches. In a work published 
in Paris in 1741,* there are detail engravings of three gear- 
cutting engines, two of which have perforated dial plates, 
and the third a worm-wheel and screw, for regulating the 
spacing of the teeth in the wheel being cut. The method 
of originating the divisions in the plates of these French 
machines is not described, but about the same period Henry 
Hindley (the inventor of the “ hour-glass worm”) a clock and 
watchmaker of York, England, constructed a machine for cut- 
ting gears which had a perforated dial plate. Ina letter to 
John Smeaton (dated fourteenth of November, 1748), he ex- 
plains the method of dividing the plate of this machine. This 
method involved the employment of a mechanical device, 
which, in the language of the workshops, we would now call 
a “jig,”+ and Hindley is believed to have made the first 


* Traité de l' Horlogerie Méchanique et Pratique. Yar Thiout, Paris, 1741. 
+ Zomlinson's Cyclopedia of Useful Arts. Article, ‘‘ Graduation.” 


Hindley’s method was nothing more than an original, highly ingenious 
method of stepping. It is described in the letter referred to. The 
reason why it was not published until 1786 was, that Hindley entrusted 
it as a secret to Smeaton. He says: “First choose the largest number 
you want, and then choose a long plate of thin brass; mine was about 
one inch in breadth and eight feet in length, which I bent like a hoop 
for a hogshead, and soldered the ends together, and turned it of equal 
thickness upon a block of smooth-grained wood, upon my great lathe, 
in the air (that is, upon the end of the mandrel) one side of the hoop 
must be rather wider (thicker?) than the other, that it may fit the better to 
the block, which will be a short piece of a cone of large diameter; when the 
hoop was turned | took it off, cut and opened it straight again. The next step 
was to have a piece of steel bent in the form of per margin, which had two . 
small holes in it of equal bigness, one to receive a small pin, and the other a 
drill of equal size. I ground the holes after they were hardened, to make them 
sound and smooth. The chaps formed by this steel plate were as near together 
as just to let the long plate through. Being open at the end,the chaps so formed 
would spring a little, and would press the long plate close by setting in the 
vice. Then I put the long plate to a right angle to the length of the steel 
chaps, and bored one hole through the long plate into which I put the small 
pin; then bored through the other hole, and by moving the steel chaps a hole 
forward, and putting in the pin in the last hole, I proceeded till 1 had divided 
the whole length of the plate. The next thing was to make this into a circle 
again. After the plate was cut off at the end of the intended number, I then 
proceeded to join the ends, which | did thus: I bored two narrow short brass 
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record of the use of such a tool. In the year 1783, an 
English mechanician by the name of Rehé, made a gear-cut- 
ting machine having a dial plate nineteen inches in diameter 
Some of the cutters used in this machine were made of solid 
steel, and others had steel teeth inserted in a hub. The 
teeth of the cutters were shaped to give the proper profile 
to the teeth of the wheel being cut, and their general form 
is very suggestive of certain popular cutters used at the 
present time. As showing the estimation in which good 
machinery was held in England at the close of the eighteenth 
century, the fact that this machine was sold after the death 
of Mr. Rehé, for the sum of £700 may be of interest. As a 
companion to his gear-cutting, Mr. Rehé made a special 
machine for grinding and shaping its cutters. The work was 
done by revolving discs and cylinders of copper, fed with 


plates as I did the long one, and put one on the inside and the other on the 
outside of the hoop, whose ends were brought together, and put two or three 
screw-pins, with flat heads and nuts to them, into each end which held 
them together till I riveted two little plates, one on each side of the narrow 
plate on the outside of the hoop. Then I took out the screws, and turned my 
block down till the hoop would fit close on, and by that means my right 


line was made into an equal divided circle of what number I pleased 
The engine plate was fixed on the face of the block, with a steel hole fixed 
before it, to bore through, and I had a point that would fall into the holes of 
the divided hoop, so by cutting shorter and turning the block less, I got all! 
the numbers on my plate. I need not tell you that you get as many prime 
numbers as you please, nor that the distance of the holes in the chaps must 
be proportioned to the length of the hoop.” 


D 
el 
be 
di 
ac 
tl 
ti 
Ci 
p 
cl 
ft 
fc 
ti 
fe 
= 
g 
= 
n 
fe 
il 
d 
a 
n 


Dec., 1893] Art of Interchangeable Construction. 425 


emery and oil. This “cutter grinder” is believed to have 
been the first of a race whose various representatives in our 
day are regarded as indispensable aids to the production of 
accurate interchangeable work. 

In the year 1775, Jesse Ramsden completed in London 
the most ingenious and perfect piece of mechanism that, 
up to that date, had been produced for accurate reduplica- 
tion—his dividing engine—by which circles within its 
capacity could be divided into any desired number of equal 
parts. This machine immediately occasioned important 
changes in the construction of nautical instruments, and 
furnished the means for increasing the accuracy of the per- 
forated dial plates of wheel-cutting machines; in fact, the 
plate of Rehé’s machine, already mentioned, was divided 
upon Ramsden’s engine. Although in the best modern 
dividing engines an automatic feature has been incorpo- 
rated, they are, in the general principles of their construc- 
tion, but copies of the invention of Ramsden, which con- 
ferred new powers upon science and a greater refinement 
of skill upon the fingers of art. 

The facility with which the cutters used in the various early 
gear-cutting machines, removed the metal in front of them 
when in operation, naturally suggested the employment of 
similar cutters for finishing flat surfaces, and the irregular 
outlines of a large variety of shapes in metal; but the pro- 
gress of the idea was exceedingly slow, and in its develop- 
ment for general purposes mechanicians failed to study 
carefully the behavior of the cutters of that parent ofall 
milling machines—the gear-cutting engine. This lack of 
careful reasoning from one use to another resulted in the 
fact that milling cutters, until very recent years, have been 
run utterly wrong with a degree of precision most wonderful 
in its results, but which is not especially creditable to the 
powers of observation and analysis of those responsible for 
doing so right a thing in so wronga way. A boy whittling 
a stick should have been a good object lesson in this con- 
nection. The first milling machine for shaping the surface 
of metal of which we have any account, is illustrated in the 
French encyclopedia, the publication of which was completed 
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in 1772. This machine was designed for finishing the exte- 
rior of musket barrels, and, if properly managed, it could not 
fail to make every barrel of precisely the same shape. 
Milling machines were designed and used by Eli Whitney 
in the manufacture of muskets in the early years of the 
century, and James Nasmyth introduced the use of milling 
cutters (“rotary files,” they were then called) into England 
in 1829, for finishing hexagon nuts, and later extended their 
use to other work. In America, the milling machine, in its 
various forms and adaptations, as manufactured by the 
Brown & Sharpe Manufacturing Company, the Brainard 
Milling Machine Company, the Pratt & Whitney Manufac- 
turing Company, and many other makers of repute, executes 
a large proportion of the interchangeable work made. In 
the manufacture of firearms about forty per cent. of the 
machine tools used are some form of milling machines. 
Of one well-known and approved type of milling machine, 
known as the “Lincoln Miller” (originally designed by Mr. 
F. A. Pratt), or of substantial copies thereof, it is believed 
that at least 150,000 have been sold within the past thirty 
years, 

Although the milling machine is perhaps more gen- 
erally used for small work, in America than in any other 
country, yet we have been very slow to recognize its great 
value for the larger work for which it has been success- 
fully employed abroad. Forty-five years ago there was 
built in England a milling machine for cutting out of the 
solid metal, and finishing at one operation, the inside cranks 
of locomotives. This machine had a cutting disc fifty-one 
inches in diameter, armed with inserted cutters moving at 
a circumferential speed of twenty-eight feet per minute with 
a forward feed of three and one-half inches per hour. The 
width of the cut was four inches, its thickness eleven inches, 
and its length, exclusive of the crank pin, fifteen inches. 
After the throat of the crank was cut out, the forward feed 
was stopped, and the shaft then given a rotation about the 
centre of the crank pin. The whole operation of cutting 
out the throat and finishing the pin was completed in nine 
and one-half hours. Notwithstanding the hints furnished 
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(certainly as early as the year 1702) by the use of circular 
revolving cutters for the purposes named, the mechanicians 
of the eighteenth century were many weary years in dis- 
covering that the same general ideas, so successfully used in 
metal cutting, could be made available in machinery for the 
working of wood; and it was not until the year 1777, 
seventy-five years after the first edition of M. Bion’s work 
was published in France, and fifty-four after it had been 
translated into English,* that the first patent for the con- 
struction of circular saws for wood-working was issued. 
This patent was granted to Samuel Miller, of Southampton, 
England, on the fifth day of August, 1777. Among all the 
workers in wood at that time, there appears to have been no 
one able to transform the revolving cutter—that had been 
so long used for cutting metal—into the circular saw for the 
working of wood, and it was reserved for this Miller, a 
“sailmaker;” who by no conceivable accident ever used a 
saw of any kind in his handicraft, to invent what may fairly 
be regarded as the foundation of all the various rotary 
devices used in the manufacture of interchangeable articles 
of wood. In the year 1794, Sir Samuel Bentham, in associa- 
tion with his brother, the famous political economist, 
Jeremy Bentham, established at Queens Square Place, 
Westminster, the first manufactory of machines for the 
working of wood. These premises being soon found too 
small, No.19 York Street was alsooccupied. The extent of the 
buildings justifies the inference that a large business was 
carried on. Weare told by Professor Willis, in an address 
before the Society of Arts in 1852, that “there were con- 
structed machines for all general operations in wood-work ; 
including planing, moulding, rabbeting, grooving, mortising 
and sawing, both in coarse and fine work, in curved, wind- 
ing and transverse directions, shaping wood in complicated 
forms, and that further, as an example, all parts of a 
highly-finished window-sash were prepared, also all the 
parts of an ornamental carriage wheel were made, so that 


* The Construction and Principal Uses of Mathematical Instruments. 
Translated from the French of M. Bion, chief instrument maker to the 
French king, etc. By Edmund Stone, London, 1723. 
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nothing required to be done by hand but to put the component par: 
together.” In 1797, the British Admiralty consented to the 
introduction of Sir Samuel Bentham’s wood-working ma. 
chinery into the dock-yards at Portsmouth and Plymouth. 
Machinery was made under the direction of Jeremy Bentham 
at the factory before-named. That the machinery made by 
Jeremy Bentham was thoroughly effective, was amply 
proved by evidence before a government commission, which 
awarded him £23,000 for the right to use it in the prisons 
and dock-yards of the kingdom. 

The machines for the shaping of wood that were invented 
by Sir Samuel Bentham and carried into practice before the 
beginning of the present century, were very numerous and 
important ; among them we find an improved rotary planing 
and moulding machine, a segmental circular saw, conical 
cutters for dovetailing, an undulating carriage for producing 
wave mouldings, cutter-heads for working two or more 
sides at once, tubular boring tools, cylinder saws (these, 
however, had been known as surgical instruments in the 
time of Hypocrates, 340 years B.C.), reciprocating and rotary 
mortising machines, bevel and curvilinear saws, rotary 
cutters for forming screw threads in wooden screws, and a 
large variety of other machinery for wood-working. In the 
year 1799, Sir Samuel Bentham recommended the adoption 
of the plans of Mark Isambard Brunel for the manufacture 
of ship blocks by machinery. The Admiralty authorized 
the construction of the machines, which were completed in 
1806, and so efficient was their operation that the first year's 
saving was computed at 424,000, two-thirds of which was 
awarded to Brunel for the right to use his ingenious inven- 
tion. 

It has long been a popular belief that most, if not all, of 
the ideas involved in the construction of machinery for the 
manufacture of interchangeable constructions of wood, 
originated in America, but in view of the remarkable 
achievements of the Benthams and of Brunel, that opinion 
cannot be successfully defended, and we must take off our 
hats in acknowledgment of their great originality, and 
content ourselves with asserting that we have done mighty 
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work in developing the ideas we have inherited, and that 
America is the largest employer of wood-working machinery 
:mong the nations. 

The lathe may safely be accounted the oldest of machine 
tools. Save that of the husbandmen, and of the tailor, and the 
art of lying, there is no art older than that of turning, for we 
are told that Adam and Eve were turned out of Eden, and 
the first turning tool ever mentioned in history is the flam- 
ing sword of the sentinel Cherubim which “turned every 
way. 

It is certain that the “ potter’s wheel,” doubtless the 
parent of all lathes, has been known from the earliest times. 
Potsherds are mentioned in the book of Job, and no ruins 
are so ancient that fragments of the work of the potter are 
not found therein. The transition from a rotation about a 
vertical axis, to revolution about a horizontal axis, and from 
shaping a soft mass of clay, with the fingers for turning 
tools, to the shaping of wood with a tool of iron or steel, 
seems to us at this day to be very simple and easy; but, 
judging from the exceedingly slow progress of the develop- 
ment of the art of wood-turning after its discovery, it is 
pretty safe to assume that several hundred years elapsed 
after the invention of the “potter’s wheel” before anything 
like the rudest form of the wood-working lathe became known. 

Diodorus Siculus attributes its invention to a nephew of 
Dedalus, named Talus, about 1240 B.C., but Pliny states 
that it was first used by Theodore of Samos about 740 B.C., 
and mentions one Thericles, who rendered himself famous 
by his dexterity in using it. The ancients employed it for 
turning a large variety of forms of vases, some of which 
they enriched with carvings. Centuries afterwards mankind 
began to perceive that the idea buried in the rotating mud 
of the “ potter’s wheel” could be still further expanded and 
made useful for the shaping of metals, and at this point in 
its history the lathe begins to assume importance as a con- 
tributor to the art of interchangeable construction. 

In 1578, Jacob Bessoni published,* at Lyons, a remarkable 


* Theitrum Instrumentorum, Jacobi Bessoni Delphinatis, Mathematici 
/igentosissime, Lugduni, Apud Barth Vincentini. Cum priveligio Regis. 
MDLXXVIIL. 
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folio, containing sixty full-page copper-plates, illustrative o; 
a variety of instruments and machines, among which ar 
three engravings of lathes. 

One of these contains a suggestion of a guide bar with 
a serpentine groove, and various holes designed to direct 
and assist in controlling the peculiar hand tool employed. 
This clumsy machine tool gives us a hint—somewhat feeble, 
it is true, but, still a reminder—that there was a feeling 
among the mechanicians of that day, that some machinery 
for turning irregular forms was desired, and that they had 
begun to grope around in the outer darkness where every. 
thing was unformed chaos, in the hope of discovering some 
means to satisfy that desire. Another of the plates in 
Bessoni’s work, furnishes the first published suggestion for 
a screw-cutting lathe provided with a guide-screw, and the 
beginning of a slide rest, in means to solidly hold the cutting 
tool, while the screw being cut was moved longitudinally as 
it revolved in contact with it. The guide-screw, and in fact 
the whole structure of this lathe, is a crystallization of the 
uncouth, both in idea and in execution; but, nevertheless, 
it affords conclusive proof that there was a slowly devel- 
oping demand for more exact work than had hitherto been 
possible, and that inventors were eneavoring to satisfy that 
demand. 

The lathes described by Bessoni were all “ dead-centre ” 
lathes, and the work did not have acontinuous rotation, but 
was alternately revolved by a cord, in a manner similar to 
a bow drill. This feature seems to have been common to 
all lathes prior to Bessoni’s time. Itseems strange that the 
economy of time, and the other advantages of a continuous 
rotation, as exemplified in the “potter's wheel,” were not 
regarded by the makers of the early lathes. 

The royal license and protection granted to Bessoni by 
Charles IX of France, for the publication of his invention, 
was really a royal patent for all the machines described, 
and, therefore, Bessoni’s book may properly be regarded as 
the “drawings and specifications” of this early patent; 


which, if not the first, is certainly more comprehensive in 
its scope than any other ever granted to an inventor ol 
machinery. 
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The announcement of the license of the king is such a 
curiosity of brevity and emphasis, that it is quite justifiable 
to quote it entire: 


THe LICENSE or THE KING. 


By full and special license of the King, given to Master Jacques Bessoni, 
author of this present work, for ten years in the near future, dating from the 
day when the work is finished by the printer; all persons of whatever rank 
or condition they may be, are prohibited to make, counterfeit, engrave, sell or 
to consent thereto, even to the drawings for manufacturing the inventions 
contained in the present work, without the permission of its author. Upon 
the penalties contained and specified by said license. Given at Orleans in 
the year one thousand five hundred and sixty-nine on the twenty-seventh 
day of June. By the King in Counsel, 

[SIGNED] BRULLART 


It may aid the comprehension of the relations of this 
work of Bessoni, to the science of the time, to know that 
when the above license was granted, Copernicus had been 
dead but twenty-five years. Tycho Brahe was but twenty- 
three years old, Galileo was in his fifth year, Elizabeth had 
reigned but ten years in England, and the Pilgrims were 
not to effect a landing on the “stern and rock-bound coast ” 
of New England, until fifty-one years thereafter. 


[ Zo be continued. 
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‘THE CHEMICAL SECTION 


OF THE 


FRANKLIN INSTITUTE. 


{ Proceedings of the stated meeting, held Tuesday, November 21, 1893.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 21, 1893. 


Wo. H. GREENE, President, in the chair. 


_ The Treasurer called attention to a mistake that had been made in pro 
posing for membership the name of Mr. J. Benjamin Glavin, after that gen- 
tleman had already been elected at a previous meeting. 

Mr. Pemberton, as a committee of one to prepare a memorial of our late 
fellow-member, Mr. R. A. Fisher, read his report, which was accepted, with 
a vote of thanks from the Section. The report is herewith appended to these 
minutes. 

A bill from the Actuary of the Institute for stationery and postage in 
sending out notices, etc., amounting to $10.99, was approved by the Finance 
Committee, and referred to the Treasurer for payment. A bill from the Sec- 
retary for postage, amounting to $2.60, covering a period of two years, was 
similarly recommended for payment. 

The Actuary was requested to make a draft in favor of R. Friedlander 
& Son, for 173'25 marks, to cover subscriptions to current journals now due. 

The nomination of officers for the year 1894 was then taken up. For 
President, Prof. E. F. Smith and Dr. Wm. H. Greene were nominated, but Dr. 
Greene declined the honor of a second term of office, thus leaving Professor 
Smith the only nominee. 

Mr. H. Pemberton, Jr., and Dr. L. B. Hall were nominated for Vice-Presi- 
dents, and, on motion, it was voted that nominations for Vice-Presidents be 
closed. 

The recent incumbents of the offices of Secretary, Treasurer and Conserva- 
tor were re-nominated for their several offices, after which in each case it was 
voted that nominations be closed. Messrs. Hooker, Haines and Boyer were 
nominated for membership on the Committee of Admissions, the remaining 
members of this committee to be as usual the President, Secretary, Treasurer 
and Conservator. 

Mr. L. F. Kebler presented a paper, entitled ‘‘ Notes on the Examination 
of Beeswax." This paper, which showed much care on the part of the 
author, both in the experimental work involved and in the review of the lit- 
erature of the subject, was well received, and was discussed by the President, 
Dr. Jayne and Mr. Haines. The paper was referred for publication in the 
Journal, 
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Dr. Terne read a communication from Mr. Williams, of Wilmington, in 
which the writer stated that he had tried the method proposed by Mr. Pem- 
berton of determining phosphoric acid in fertilizer analysis, and found it 
entirely satisfactory. Dr. Terne also stated that the method had been used 
in his own laboratory with excellent results. Dr. Terne then read an 
exceedingly interesting paper on ‘“ The Availability of Nitrogen in Mixed 
Fertilizers.’ This was discussed by the Presiden’, Mr. Pemberton, Dr. 
Jayne and Mr. Haines, and was referred for publication. 

The Section then adjourned. Ws. C. Dry, Secrefary. 


Tue METHODS or TESTING FATS anp OILS. 


By Dr. ERNEST MAILLIAU. 
Director of the Government Testing Laboratory, at Marseilles, France. 


| Read at a special meeting, held June 8, 1893.) 


[Concluded from p. 388.) 


Mailliau Process, Mode of Procedure.—In a porcelain dish of 
250cubic centimeters capacity, fifteen cubic centimeters of the 
oil to be investigated are heated to about 110°, then there is 
slowly poured on the oil a mixture of ten cubic centimeters 
of a solution of caustic soda of 36° B., and ten cubic centi- 
meters of alcohol of 90° B. When the mass boils it becomes 
clear and homogeneous; 150 cubic centimeters of hot distilled 
water are added and boiling continued to expel the alcohol. 
The fatty acids are displaced with ten per cent. sulfuric 
acid solution added in slight excess, and the pasty acids 
immediately collected with a small platinum spoon. They 
are washed by shaking several times in a test tube with an 
equal volume of cold distilled water. The drops of water are 
drained off and they are then poured into a tube 2°5 centi- 
meters in diameter and g centimeters long; fifteen cubic 
centimeters of alcohol ninety-five per cent. and two cubic 
centimeters of three per cent. nitrate of silver solution are 
added, The tube is protected from the light in the water- 
bath at go° C, until about one-third of the alcohol is expelled, 
which is replaced by ten cubic centimeters distilled water. 
The heating is continued a few minutes and the coloration 

‘ the insoluble fatty acids is observed. The presence of 
Vor. CXXXVI, 28 


4 
j 
if 
ig 
i 
= 
4 
Gs 
a 
a 
j 
| 
J 
: 


434 Chemical Sectton. 


cotton-seed oil in any proportion whatever causes a mirror-li) 
precipitate of metalite silver, which blackens the fatty acids 
the mixture. 

The members of the Agricultural Committee, composed 
of the greatest savants of France, MM. Pasteur, Eug. Tis. 
serand, Boitel, Chatin, Heuge, Hardi, Rissler, Schloesing, 
Ronna, Lavaland, Muntz, Prillieux, Maret, Hon. Baron 
Thenard and Liebaut, after having tested the process on 128 
samples from different provinces, have had the kindness to 
confer upon me the gold medal for this method of analysis, 
and I will take the liberty to present the conclusions of thei: 
Secretary, M. Muntz, director of the laboratories de 1’Institut 
National Agronomique: “The preliminary saponification 
applied to the examination of fatty matters constitutes a 
new method on which we can confidently rely, not only in 
the analyses of edible products but also of those used fo: 
industrial purposes and also for soaps.” (February, 1889.) 

Before proceeding with this monograph, it is, of course, 
well understood that the same processes can be used for 
the detection of peanut, sesame and cotton-seed oils, in all 
other fatty mixtures. 

Peanut Oil.—Peanut oil, apart from the arachidic acid 
which it contains, presents no special characters, as you can 
observe by examination of the chart upon which are indi- 
ated its physical and chemical properties. 

Sesame Oil.—The purity of sesame oil may be demon- 
strated by shaking ten cubic centimeters of oil, first with 
five drops of sulfuric acid of 53° B., then with five drops 
of nitric acid of 28° B. The oil undergoes a progressive 
change of color through various shades from light green to 
red. The final red coloring matter obtained by this oxidation 
process turns yellow by the action of alkalies and returns 
to its original color with acids. This curious phenomenon 
does not take place with other oils but is obtained some- 
times when working on sesame oils slightly adulterated; 
besides, the industrial oils from hot pressing, though pure, 
may give negative results. I have devised a rapid pro- 
cess, especially applicable for the recognition of castor oil 
in the industrial sesame oils. 
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Mailliau Process.—For the rapid identification of castor oil 
and sesame, ten grams of the oil are shaken up with four 
drops of sulfuric acid of 66° B., a drop of nitric acid of 40° 
is added and shaken violently. Pure sesame oil blackens 
immediately, while that containing castor oil remains turbid 
yellow. 
 Cotton-seed Oil.—Concerning this oil, from a chemical 
standpoint, we have nothing particular to say. From the 
industrial point of view we may state that this product 
becomes more useful every day. Its cheapness allows 
everybody to use it, and this fatty material daily augments 
its important place in the markets of the world. 

We will pass rapidly over the drying oils, poppy seed, lin- 
seed, walnut, cameline, over those of the cruciferz, colza, 
rape and mustard, as well as the oils of the sweet almond, 
hazel nut and castor, the properties of which are shown 
upon the chart. 

I will take the liberty, however, of mentioning a rapid pro- 
cess which I have devised for detecting the presence of castor 
oil in other oils. It is well known that the oils in general 
are soluble in petroleum ether, while castor oil, which dis- 
tinguishes itself by its solubility in alcohol, is likewise 
remarkable for its insolubility in petroleum ether. Unfor- 
tunately this insolubility disappears at the ordinary tem- 
perature when a soluble oil is adulterated with a small 
proportion of castor oil. 

It is only necessary to demonstrate its insolubility by 
shaking in a test tube one volume of the oil to be examined 
with two volumes of petroleum ether, and cooling the mix- 
ture to 16°C. At the end of a few minutes the mass 
coagulates, and the oil separates if castor oil is present, while 
the liquid remains homogeneous if it is pure. This phe- 
nomenon is especially curious because it will be noted that 
the freezing point of castor oil unmixed with petroleum ether 
is much lower than that of most other oils. 


SOLID VEGETABLE OILS. 


Cocoanut and Palm Nut Otls——The production of these 
oils, which is continually increasing on account of their 
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extensive use in the manufacture of soap during the last 
few years, has been made the object of several adultera- 
tions. Independently of the general chemical and physica! 
character of these oils, as well as the sulfuric saponifica- 
tion which I have mentioned, we can employ with good 
results the determination of the saturation equivalent with 
normal caustic soda solution. 

These oils, containing a greater amount of the lower fatty 
acids, require for their saturation a larger quantity of sodium 
oxide. To recognize these oils, it is only necessary to deter- 
mine the number of cubic centimeters of normal solution re. 
quired for the saturation of five grams of the pure fatty acid, 
viz: cocoanut oil, 24°1; palm nut oil, 22°5; while the average 
of the other liquid oils is seventeen to eighteen cubic centi- 
meters only. This process presents some inconveniences, 
especially when trying to discover adulteration in small 
quantities, because it must be noted that the adulteration of 
these oils is practised only within certain limits, otherwise 
their appearance would lead to its detection. Besides, when 
an oil is made from old or spoiled seeds, the saturation is a 
little less. 

Since the detection of adulterations in these oils depends 
on variations of a few tenths of a centimeter which might 
be caused by variations in quality of the oils themselves, or 
the method of operating, it is mecessary to be very circum- 
spect in the use of this truly scientific process. 

With palm nut oil this error might be greater because 
it is customary to balance the low saturation of the seed 
oils by the addition of cocoanut oil. As, for example, five 
grams of fatty acids from a mixture containing forty-five 
per cent. of palm nut oil, forty-five per cent. cocoanut oil 
and ten per cent. peanut oil, require precisely 22°5 cubic 
centimeters normal solution for their saturation. 

Iodin Number.—This determination is very useful because 
these oils, being very rich in saturated acids, absorb much 
smaller quantities of iodin than most other oils. For 
example, peanut gives ninety-seven, while cocoanut and 
palm nut show only nine to sixteen. Unfortunately, this 
difference of seven between the maximum and minimum, 
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throws us out of the way for small quantities of admixture, 
so much so that different authors fail to agree upon the 
average variation; some giving eight to nine only, while 
we are accustomed to find from thirteen to fifteen. 

To recapitulate, this process, which if it gave constant 
results would be excellent, fails to give sufficiently accurate 
indications to detect adulteration of cocoanut oil when in 
small proportions. It is worse with palm nut oil and of no 
value to distinguish between the two. 

Continuing our investigations in another direction we 
have fortunately found a process which gives constant 
results when used upon these oils after a preliminary 
neutralization. 

We have discovered that cocoanut and palm nut oils 
are entirely soluble in absolute alcohol. At a temperature 
of 30° to 31° C., the former requires two volumes, and the 
latter four volumes, for complete solution. 

It is a curious phenomenon that the smallest addition 
of vegetable or animal oils destroys this solubility in the 
same quantities of absolute alcohol. The solubility of the 
mixture is not proportional to its composition, but the 
mixture acts entirely like a distinct body. 

Mode of Procedure.—First operation: Twenty cubic centi- 
meters of the oil are shaken in a test tube with forty cubic 
centimeters of ninety-five per cent. alcohol. This indispen- 
sable preliminary treatment may give certain indications. 
Oil, soluble in ninety-five cent. alcohol, castor and rosin oil, 
etc., are thus discovered, while mowrah and karite oils give 
a milky turbidity to the alcoholic stratum. 

Second operation: Five cubic centimeters of the neutral- 
ized cocoanut oil are measured with a pipette into a gradu- 
ated test tube and ten cubic centimetres absolute alcohol 
added. The temperature is raised to 31°, the tube shaken 
violently for half a minute and then immersed in a water 
bath, kept at a temperature slightly above that of the 
tube. 

Pure cocoanut oil dissolves completely and the solution 
remains clear. Any addition of another fatty matter causes 
precipitation; the material in solution being in a state of 
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molecular equilibrium, which is destroyed by the slightest 
modification. 

Cocoanut oil containing palm nut oil precipitates when 
the proportion of the mixture amounts to twenty per cent.: 
below this the mass remains turbid. 

The verification of palm nut oil is made in the same 
manner, only using twenty cubic centimeters absolute 
alcohol instead of ten, temperature remaining the same, 30 
to 31°. Five cubic centimeters of palm nut oil containing 
twenty per cent. or more of cocoanut oil, dissolves in 
fifteen cubic centimeters of absolute alcohol. In the same 
proportions pure oil does not dissolve, and the mixture 
remains turbid. 

A mixture of cocoanut, palm nut and peanut oils, in such 
proportions that the oil would appear pure by the indices 
of saturation, would easily be discovered by this process. 

If we work at a lower temperature, the proportion of 
absolute alcohol must be increased. For example, at 25° to 
26° it is necessary to double the quantity; for five cubic 
centimeters of cocoanut oil, use twenty cubic centimeters of 
alcohol, and for the palm nut forty cubic centimeters. 

The same method may be used to determine the purity 
of cocoanut and palm nut cakes by first extracting the oil 
by means of a solvent and then operating on 1t in the manner 
described. 

This process, which I have had the honor to describe, 
when carefully executed, enables us to determine in a few 
minutes adulterations of these oils which might cause bad 
results in soap making, which employs hundreds of millions 
of kilograxas per annum, and in agriculture, which uses the 
“akes for cattle food. This process was presented to the 
Academy of Sciences, October 12, 1892, by M. L. Troost, and 
has been the subject of a favorable report to the Minister of 
Agriculture. 

Let us pass rapidly over palm oil, of which the prin 
cipal chemical properties are not remarkable except its 
partial solubility in absolute alcohol which is ten per cent. 
Also we will pass over the mowrah, which, as I have already 
mentioned, is identified by the milky white turbidity which 

it communicates to alcohol by shaking. 
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/llepi Oil—This product, the titer of which is 52°°5, and 
cotton-seed margarine, or stearine as it is called here, whose 
chemical reactions are the same as the oil itself, will not 
long detain us. 

While closing the description of the solid vegetable 
oils, I wish to mention karite oil, which comes from the 
French province, Soudan, which I have been especially 
directed to investigate by the Chamber of Commerce of 
Paris, and the Chamber of the syndicate for the manu- 
facture of soap and candles. 

It was very important for us to know how to utilize the 
great forest which covers the largest part of French Soudan. 

t is composed chiefly of the wild acacia and the karite or 
butter tree. The natives collect the nuts which fall from 
the trees, crush the kernels, treat the pasty mass with 
boiling water, and skim off the fat which comes to the 
surface. This fat, which is solid at the ordinary tempera- 
ture, is used as an edible butter. 

Without speaking about the great uses to civilization of 
this product, I must mention its remarkable chemical prop- 
erties. The fatty acids, having a titer of 52°5 C. combine 
with soda to produce an extremely hard soap. For candle 
making they would probably give better results, after pre- 
liminary treatment to remove the resinoid matters which 
they contain and which hinder the crystallization of the 
fatty acids. 

The presence of these resins lowers the saturation to 14’9, 
and, like the mowrah, this oil causes turbidity by shaking 
with alcohol. (Communication of M. Mailliau to the Société 
d’Encouragement of Paris in 1892.) 


SOLID ANIMAL FATS. 


These are colored brown by a stream of chlorine gas. 

Butter —The analysis of this material, which has attracted 
so much attention during the last few years, is not so diffi- 
cult as some imagine, but requires the skill of a practical 
and experienced analyst. The specific gravity of butter is 
notably lower than that of tallow and lard. It is the same 
with the iodin number and the freezing point of the 
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neutral fat. The saponification and the solubility in abso- 
lute alcohol on the contrary are notably higher. 

We can further confirm our results by microscopical 
examinations; melted butters showing under the microscope 
a collection of small regular spheres. Adulterated butter 
shows, on the contrary, abnormal figures, as well as crystals, 
which appear brilliant in the dark field 6f the polarizer. 

By determining the fixed and volatile fatty acids, and the 
point of solubility in alcoholic toluene, a skilled analyst 

‘familiar with these processes can easily determine admix. 
tures above ten percent. Below this point, I do not believe 
any adulteration would be profitable. Natural butter con- 
tains about eleven per cent. soluble and volatile fatty acids 
and eighty-seven per cent. fixed fatty acids. Besides, alco- 
holic toluene dissolves it almost entirely. 

Zallow.—The properties of tallow are so well known that 
they require no description. The distinction between beef 
and mutton tallow is a matter of interest and presents great 
difficulties from the chemical standpoint, and we can ob- 
serve differences only by taking the melting and solidifying 
points of the neutral fat and those of the fatty acids. 

Lard—Lard adulterated with cotton-seed oil is easily 
tested with nitrate of silver. If the lard has been altered 
by time or by other causes, it is necessary before using this 
reagent upon the fatty acids, to take the precaution of purify- 
ing the fat in the manner in which I have indicated at the 
beginning of this lecture. We will thus avoid the slight 
reduction which is produced by decomposition products. 

Some authors strongly believe in the use of the iodin 
number, which will give good results in the case of large 
admixtures, as well as for quantitative analysis of such a 
mixture. But it is quite illusory for the detection of a small 
proportion of cotton-seed oil, for we must consider that the 
iodin number of pure lard varies within considerable 
limits, and it would be possible to correct for the high iodine 
number of cotton-seed oil by the addition of tallow, which 
will lower it appreciably. In such a mixture the action of 
nitrate of silver on the fatty acids enables us to discover 
adulteration even below five per cent. 
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Tallow is detected by observing, under the microscope, 
the crystallization of the fat from ethereal solution. 


VARIOUS OILS. 


The following oils, which frequently are used for the adul- 
teration of agricultural fatty materials, are easily detected : 

Fish Oil :—by its iodin number, its solubility in absolute 
alcohol, the presence of cholesterin, and finally the brown 
coloration by chlorin, and red by caustic soda and phos- 
phoric acid. 

Resins :—by their density, their saturation, their solubility 
in absolute alcohol, and the deviation of the plane of polari- 
zation. Besides, it is easy to isolate them because the 
majority of compounds which they form with metallic salts 
are soluble in ether while those of the fatty acids are 
insoluble. 

Resin Oils :—by their property of not saponifying with 
caustic soda, by their insolubility in glacial acetic acid, and 
by the characteristic purple coloration which they give 
with fuming stannic chloride. 

Olein Oil of Commerce :—by its solubility in alcohol and 
by its specific gravity. 

Finally, the mineral oils :—by their iodin numbers, their 
indifference to the action of caustic soda, and their insolu- 
bility in absolute alcohol at 15° C. 

Gentlemen, we have nearly finished all we have to say 
in our lecture. The processes which we have just enumer- 
ated are applicable indiscriminately to fatty matters, both 
edible and industrial, for the determination of their purity, 
with an approximation sufficient for the majority of cases. 

The results obtained will be more conclusive if they 
are compared with those from products of the same origin 
and known purity. Banish the thought that in this short 
discourse we have wished to indicate in an absolute manner 
those processes which must be used and those which should 
be rejected. We have desired only to explain the methods 
which have given us the best results in the thousands of 
analyses which we have had occasion to make on fatty 
materials, including 50,000 for olive oil alone. 
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Although most of the processes which I have just 
indicated were devised and perfected in our laboratory, 
and have been adopted by several governments, I have not, 
however, the presumption to feel that we have definitely 
finished this question. I consider, on the contrary, that in 
the vast unexplored region of the fatty series, we have only 
taken a few steps; but I feel at the same time that we are 
now in the possession of sensitive and scientific methods 
which permit us to detect mixtures, the determination of 
which has appeared impossible up to the last few years. 

The mission with which I have been charged by the 
French and Tunisian Governments in the interests of com- 
merce and industry, shows you to what extent these coun- 
tries are desirous of facilitating the exportation of pure and 
satisfactory products. France furnishes the best growth 
of virgin olive oil, from Aix en Provence and Nice. 
Tunis, also, furnishes, but at a less price, olive oils of 
excellent quality, which we can certify without analysis, 
because the Government imposes such heavy export and 
import duties upon seed and seed oils that it would be 
impossible to practise the smallest amount of sophistication. 

Those who deal in olive oils often make the remark that 
pure oil is too strong and that it is improved in flavor by a 
mixture with seed oil. Without discussing this inexact state- 
ment, I believe that it would be preferable in every instance 
for the dealer to buy pure olive oil and to make his own 
mixtures. He would thus profit by the difference in price, 
which averages about sixty francs per 100 kilograms. 

I hope you will pardon the dryness of the subject which 
we have just discussed, in considering how important it is 
for our two countries to have the same means of making 
analyses of American and French products. When we 
arrive at a complete understanding, discussions and reclama- 
tions will become impossible, and I cannot better conclude 
than by expressing the sincere wish that its realization will 
permit the two republicsto bind more closely together their 
commercial relations. 

Thanks, gentlemen, for your kind attention. 
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Tue ATOMIC WEIGHT or MOLYBDENUM. 


By EpGAR F. SMITH AND PHILIP MAAS. 


(Read before the Chemical Section of the Franklin Institute, September 
79, 1893.) 

The present atomic value assigned this element is based 
upon the results obtained by Dumas (Ann. Chem. Pharm., 105, 
84, and 118, 23), Debray (Compt. rend., 66, 734) and Lothar 
Meyer (Ann. Chem. Pharm., 169, 365). The method pursued by 
Dumas consisted in the reduction of molybdenum trioxide. 
Debray also adopted this procedure, but in addition made 
several experiments upon the precipitation of the trioxide 
in an ammoniacal solution by silver nitrate. Lothar Meyer’s 
value (95°9) is deduced from results obtained by Liechti 
and Kemp (Aznalen, 169, 344) in their analyses of the chlor- 
ides, MoCl,, MoCl,, MoCl, and MoCl,. The chlorine in each 
was determined as silver chloride and the molybdenum as 
disulphide. Clarke (A Recalculation of the Atomic Weights, 
Washington, 1882) expresses the opinion that the most reli- 
able results are those that have been obtained by the reduc- 
tion of the trioxide. Of the work of Liechti and Kemp, he 
remarks: “ Traces of oxychlorides may possibly have contam- 
inated the chlorides and augmented their atomic weight.” 
Rammelsberg (Berichte d. d. Chem., Gesellschaft, 10, 1776) made 
one experiment in the reduction of the trioxide, from which 
he caleulated the atomic weight of molybdenum to be 

Thinking that additional light could be thrown upon the 
magnitude of this constant by proceeding in a different direc- 
tion, we utilized a reaction first observed by Debray (Compt. 
rendus, 46, 1098; Ann. Chem. Pharm., 108, 250), which, in the 
hands of others (Péchard, Compt. rend., 114, 173; Zeit. f. anorg. 
Chem., 1, 262; Smith and Oberholtzer, Journ. Am. Chem. 
Soc., 15,18, and Zeit. f. anorg. Chem., 4, 237) has proved to be 
a most excellent means of determining molybdenum and 
separating it from its intimate associate—tungsten. We 
refer to the actionof hydrochloric acid gas upon molybdic 
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acid and molybdates, whereby the molybdic acid is vols 
tilized with ease in the form of an hydroxychloride 
MoO,.2HCl. Numerous trials have demonstrated that th: 
reaction expressed by the equation— 

Na,MoO, + 4HCl = 2NaCl + MoO,.2HCl + H,O 


is quantitative. We exposed pure anhydrous sodium 
molybdate (at 150-200°) to the action of hydrochloric acid 
gas, volatilized the molybdenum, trioxide and from the 
weight of the residual sodium chloride calculated the atomic 
weight of molybdenum. 

The sodium molybdate employed by us was Merck’s pur. 
est preparation. We recrystallized it many times and then 
by a careful examination satisfied ourselves that it did not 
contain silica, sulphates, tungstates or alkaline carbonates— 
substances that might have been present. The purified salt 
was dried with extreme care until no further loss in weight 
was observed. In this anhydrous condition it was preserved 
in clean weighing bottles, which were kept in desiccators to 
exclude dust and moisture. The specific gravity of the 
anhydrous salt was determined, alcohol being used for the 
purpose. The value found was 6'9780. The balance 
employed by us was of the Sartorius design.* 

The weights of brass and platinum were of Westphal 
make and had previously been carefully adjusted for this 
purpose. 

Tared porcelain boats were used to carry the anhydrous 
sodium molybdate, which was exposed in hard glass tubes 
to the action of pure and dry hydrochloric acid gas. This 
was prepared from salt and pure sulphuric acid. The 
gas as it was evolved was first conducted through a 
U-tube half-filled with damp silver chloride; it next passed 
through two flasks containing sulphuric acid, then through 
a tower of dry calcium chloride and finally through clean 
cotton, after which it was admitted to the combustion tube 
where it came in contact with the sodium molybdate. A 
very gentle heat was applied to the latter and gradually 


* We would here acknowledge our indebtedness to Dr. John Marshall, of 
the Medical Department, for the privilege of using this excellent instrument. 
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increased to from 150-200° C., beyond which the temperature 
was not permitted torise. Moisture was excluded as much as 
possible. The*volatilized MoO,.2HCI was collected in water. 
The boats containing the residual sodium chloride were 
allowed to cool in a slow current of hydrochloric acid gas, 
then transferred to vacuum desiccators, and the vapor 
repeatedly exhausted. The weights were taken after the 
boats had stood one hour. Second weighings were made 
after the boats had remained overnight in the dry desic- 
cators and showed no appreciable alteration. Barometric 
pressure and temperature were carefully observed and all 
weighings reduced to the vacuum standard. Our resuits 
are as follows: 


Na,Mo0, Nacil Atomic Weight 
in Grams, in Grams, of Mo. 
1°14726 0°65087 96130 
0°8g9920 0°51023 96'094 
0°70534 0°40020 
0°70793 0° 40182 96°031 
1°26347 0°7 1695 96°087 
1°15217 0.65367 g6"126 
96°067 
o'81492 0°46358 96'077 
0°65098 0° 36942 96°07 3 
0°80563 0°45717 96°078 


In our calculations we used the following values: 
Na = 23°05, Cl = 35°45 andO = 16. These have been taken 
‘rom a revised table of atomic weights, published by Clarke, 
October, 1891. 

The sodium chloride in five of the determinations just 
viven was converted into silver chloride. From the calcu- 
lated silver contained in the chloride we deduced the atomic 
value of molybdenum to be 96:10—the mean of five deter- 
minations. This figure we regard as confirmatory of the 
rest of our work. 

The sodium chloride which we obtained dissolved readily 
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and to a clear solution in water. Molybdic acid was not 
found present in it. This was one of the points that w: 
watched very closely, although its presencé would have 
tended to diminish rather than to augment the atomic 
value found. Another cause of a like result would have 
been moisture absorbed by the sodium chloride. Against 
this source of error we likewise took every precaution, and 
consequently feel that the result 96°08 obtained by us 
approaches very closely to the true atomic magnitude of 
molybdenum. 


UNIVERSITY OF PENNSYLVANIA, September 16, 1893. 


THE ELECTRICAL SECTION 


OF THE 


FRANKLIN INSTITUTE. 


[ Proceedings of the stated meeting, held Tuesday, September 27, 1893.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 27, 1893. 
ELMER G,. WILLYOUNG, President, in the chair. 

The stated meeting of the Electrical Section was called to order at 8°10 
P. M., by President Willyoung, with twenty-one members and visitors 
present. 

The minutes of the meeting of June 27th were read and approved. 

The Treasurer reported a balance of $35.89 on hand, and presented bills 
for printing, $3, and postage and mailing of notices, $8.75, which were 
ordered paid. 

A paper on “ The Chloride Electrical Storage Battery,’’ by Mr. Herbert 
Lloyd, was read by the author and discussed by Messrs. Hering, Spencer and 
Willyoung. 

The meeting then adjourned. R. H. Lairp, Secre/ary. 


[ Proceedings of the stated meeting, held Tuesday, October 24, 1893.| 
HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 24, 1893. 
ELMER G. WILLYOUNG, President, in the chair, 


The stated meeting of the Section was called to order at 8 P. M., by Presi- 
dent Willyoung, twenty-three members present. 

In the absence of the Secretary, on motion, Mr, D. A. Partridge was 
appointed Secretary fro fem. 
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The reading of the minutes of the previous meeting was dispensed with. 
The names of Mr. Bacon, E. R. Keller and G. C. Common having been 
proposed for membership, they were duly referred to the Committee on 
Admissions. 

The Chair announced that a series of lectures, to alternate wich the busi- 
ness meetings of the Section, had been arranged for, and that Dr. Henry 
Morton, Mr. J. J. Carty, Prof. Elihu Thompson and one or two others had 
expressed their willingness to address the Section. 

Mr. Carl Hering read a most interesting collection of notes on “ Recent 
Progress in Electricity Abroad,"’ taken mostly from European journals. 

Some interesting discussion was elicited upon many of the points touched 
upon in Mr. Hering’s paper. 

Mr. L. F. Rondinella exhibited a collection of lantern slides of subjects 
from the Columbian Exposition, and gave a short talk descriptive of the 
views. 

On motion, adjourned. D. ANSON PARTRIDGE, Secretary pro tem. 


NOTES on RECENT DEVELOPMENTS 1n ELEC- 
TRICITY ABROAD.—Part I. 


By CARL HERING. 


[A paper read at the stated meeting of the Electrical Section of the Franklin 
Institute, October 24, 1893.) 


Busy men, as most conscientious electricians are, gen- 
erally have little time to study the vast amount of periodical 
literature published weekly, even if the journals were all 
accessible to them, and if the foreign languages in some of 
them were no hindrance. For the benefit of such busy 
men the following notes were compiled from articles in the 
principal foreign electrical journals for the present year; 
as they are all taken from periodicals, they necessarily con- 
tain nothing which has not already been published, and 
they are therefore intended to form a mere résumé or index 
to call attention to what has been done, leaving those who 
are interested in any of the subjects to look up further 
details for themselves.* 

Electro-physics. —Taking up first the subject of electro- 


* More complete abstracts of all the articles referred to will be found in 
the “ Digest"’ of the -vectrical World, from February 4, 1893, to date. 
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physics, I will limit myself to only a few of the more inter- 
esting papers, as most of that which has been published in 
this branch belongs to the subject of physics rather than to 
electrical engineering. 

Mr. Arno has shown that a rotating electric field, quite 
similar to the well-known rotating magnetic field, can be 
produced, and that this can be applied to the construction 
of an electrostatic rotary field motor; it is only of theoreti- 
cal interest, as the power developed is necessarily exceed. 
ingly small. There has been some discussion as to whether 
there is such a thing as electrostatic hysteresis, on which 
this phenomenon is supposed to be based, but authorities 
still differ. 

Prof. Elihu Thomson states that he has succeeded in 
making a transformer in which a continuous current is made 
to give alternating currents of any desired frequency, and 
which contains no moving parts. Several other writers 
have shown how the frequency of an alternating current 
may be tripled and doubled quite readily in an alternator 
without increasing the speed. Dr. Sahulka has shown that 
a condenser may act as a transformer of current into phase, 
so to speak, that is, that a condenser in parallel converts a 
weak current of small phase difference into a strong current 
of large phase difference, and vice versa. 

Several instruments have been described by means of 
which the curve of an alternating current can be resolved 
into its component sine curves. 

Dr. Heydweiller has made a long series of tests with 
striking distances, giving quite a complete table of the 
results, which might be used to advantage in place of the 
very old table of De La Rive, which has been the standard 
of reference for so many years. The much-vexed question 
of the sparking distances has also been discussed by Mr. 
Peace,in a Royal Society paper, in which he gives what con- 
stitutes, probably, one of the most complete and reliable 
tests made for certain ranges. Mr. Precht has shown that 
lightning-rod points begin to discharge only when the poten- 
tial has reached as high as 15,000 volts, and even extremely 
fine points can be charged to 2,500 volts before they will 
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discharge continuously; also that a bunch of points must 
be charged to a higher potential than a single point in order 
to discharge; he believes that in many cases the points of 
lightning rods are inactive. The difference of potential of 
the air at the top and at the bottom of the Eiffel Tower was 
found to vary from 3,000 to 7,000 volts, increasing some- 
times to 10,000. 

Mr. Arons described an arc lamp in which the arc is pro- 
duced in vacuum between electrodes of mercury, showing 
some interesting results; the voltage and the current are 
quite low, but unfortunately the amount of light generated 
is not given. 

In an interesting experiment made by Dr. Gore, he has 
shown that mechanical pressure may be converted into an 
electric current; the pressure is applied to an electrolyte, 
which then generates a current at the expense of nothing 
but the pressure. 

A number of improvements have been described by 
Wimshurst and others in so-called electrostatic machines. 

Numerous experiments have been described with 
stretched wires through which a current is passed; under 
certain conditions the wire will vibrate, some parts becom- 
ing luminous, while others remain cold; in another case 
the wire itself became deformed as if it had been placed 
between two files. 

A number of articles have been published on the elec- 
trical transmission of sight, but although interesting, they 
appear to contain nothing new or of any great importance, 
and the matter may still be considered as an unsolved 
problem. 

Much has been done in the line of the researches started 
by Hertz, but this is beyond the province of the present paper. 

Professor Dewar has made some very interesting experi- 
ments with liquid oxygen, which he now makes in large quan- 
tities. Liquid oxygen is magnetic, and he has shown that in 
liquefied air the magnet will not suck out the oxygen, even 
though the nitrogen is not magnetic. But the most interest- 
ing parts of his researches, for electricians, are those which 
show that the resistance of all pure metals is probably zero 
VoL. CXXXVI, 29 
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at the absolute zero of temperature; or, in other words, at 
that temperature electricity will pass through pure metals 
without any C’R loss; alloys, however, do not follow this 
rule. Professor Dewar has also succeeded in converting air 
into a solid. It has been stated that the magnetic moment 
of oxygen is about one-thousandth that of iron, and that 
liquid oxygen is an excellent insulator. 

Much has been written on the electro-magnetic theory of 
light, but it is beyond the province of this résumé. An 
English scientist stated that electro-magnetic waves are 
strictly similar in their nature to light waves, differing onl) 
in the wave length. The light waves are about one-—fifty- 
thousandth of an inch long, while the electro-magnetic waves 
that have been investigated are from a few inches to many 
yards in length. 

Messrs. Lagrange and Hoho gave what appears to be the 
first published description of the phenomenon, now so well 
known, of heating a metal by its contact resistance with 
water. The heat produced is exceedingly intense, and is 
generated very rapidly—two qualities which may make the 
process one of considerable commercial value. 

It is claimed by Mr. Sanford that Ohm’s law should be 
qualified, as he believes that he has found that the nature 
of the medium surrounding a wire has an appreciable effect 
on the resistance of the wire; his conclusions, however, do 
not appear to be generally accepted, and it will be fortunate 
if it turns out that he is not correct. 

Mr. Packey claims to have found by photography that 
there is what he calls an electrical spectrum different from 
the remaining part of the spectrum, and that it contained 
only the “electric rays” of the spectrum. 

Several papers have been written, showing how the 
amount of light can be measured by absolute instead of 
comparative methods, but none of these appear to have as 
yet been put into the form of a practical photometer. 

A number of interesting phenomena have been described 
with high tension and high frequency currents, which, how- 
ever, time does not admit of mentioning here. Much has 
been written lately endeavoring to explain the phenomenon 
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that an incandescent lamp may be brought to great bril- 
liancy by high tension, high frequency currents of exceed- 
ingly small ampérage; most of the writers claim that it is 
due to skin-deep conduction, but this has been seriously 
questioned by several equally high authorities, and it can 
therefore still be considered as a phenomenon which cannot 
be explained. Dr. Leduc has shown that high tension alter- 
nating currents produced by electrostatic machines have 
properties which are analogous, but not identical with, 
those which Tesla uses. Mr. Rimington has shown that 
many of the phenomena with vacuum tubes can also 
be produced with such tubes when they contain no elec- 
trodes, and when they are placed in electrostatic fields. 
Lord Armstrong showed an interesting experiment, in which 
a cotton thread was carried bodily from one glass of water 
into another by a current from an influence machine. 

A new and important re-determination of the mechanical 
equivalent of heat has been made by Messrs. Griffiths and 
Clark; they found it to be 778-99 foot-pounds. 

Among the interesting articles of a speculative nature is 
one in which a French writer endeavors to show that the 
absolute temperature has the same dimensions as electrical 
potential. 

Magnetism.—Mr. Meylan has shown that the great care 
taken by some makers to have perfect joints in dynamos is 
not justifiable, as the additional excitation required to over- 
come the effects of joints in a magnetic circuit is only about 
one to two per cent.; in transformers, however, the question 
is quite different, for if joints could be avoided, there would 
bea gain of ten to fifteen per cent. in the magnetizing cur- 
rent; he believes furthermore that the pre-determination of 
the characteristics of transformers having a closed magnetic 
circuit is very uncertain, and probably of little practical 
value. 

Mr. Abdank Abakanowicz has described an interesting 
arrangement by means of which the effects of hysteresis 
may be compensated in measuring instruments by the 
simple addition of a second electro-magnet, properly de- 
signed and proportioned. 


& 
| 
4 
le 
q 
} 
% 
i 
: 
q 
~ 
4 
rim 
q 
= 
a 
’ 


452 Electrical Section. (J. F.1., 


In Russia, a local north pole of the earth’s magnetism has 
recently been found, thus showing that there are at least 
two north poles of the earth. 

Units, Measurements and Instruments—Many new instru- 
ments and new methods for making various measurements 
were described, but they are too numerous to mention here. 
Those interested in the measurement of self-induction will 
find several articles on the subject in recent numbers of Za 
Lumiere E lectrique. Professor Fleming, in his recent Cantor 
lectures, has given a very good summary of the subject of 
the practical measurement of alternating currents. 

The very extended researches which have recently been 
made with the Clark standard cell seem to show that it may 
now be considered as a very reliable and accurate standard, 
provided it is properly made. Onthe other hand, it appears 
that the Daniell standard has been abandoned, at least when 
accuracy and reliability are of great importance. It appears 
that the Clark cell may now be relied upon within one part 
in 10,000; that is, within one-hundredth of one per cent. 

A number of tests have been made of the Elihu Thom- 
son wattmeter, all of those published giving very favorable 
results ; this, coming from abroad, is significant. Professor 
Fleming has called attention to the fact that meters placed in 
cellars are often subjected to great changes of temperature, 
producing an error of from ten to fifteen per cent. in the 
readings, a subject which he thinks ought to be considered 
more than it is in designing meters. Several forms of ohm- 
meters have been described, chiefly for use in measuring 
high resistance andinsulation. The literature on the copper 
voltameter has received an important addition by the paper 
of Dr. Ottel; he shows, among other things, that the addi- 
tion of alcohol makes the actual deposit more nearly equal 
to that required by theory; also, that an acid solution is 
better than a neutral one. 

Much has been written about locating faults in under- 
ground mains, but most of the methods are either imprac- 
ticable or rather cumbersome, requiring the patience of a 
German to apply them. Apparently successful high resist- 
ances have been made, consisting of rods of a mixture of 
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plumbago and clay. An interesting and simple method for 
measuring the magnetic qualities of iron was described by 
Dr. Behn-Eschenburg, in which the underlying principle is 
that the magnetic circuit is suddenly broken, which enables 
both the permeability and the residual magnetism to be 
readily determined with very simple apparatus. 

Much has been written, especially by the French and 
Germans, regarding the behavior and the calculation of 
condensers for commercial use in alternating current cir- 
cuits; although interesting, the results will be of little use 
until condensers become cheap enough to be used in prac- 
tice. A feature of interest, if true, for all condensers, was 
reported in an English paper; it was shown that a con- 
denser which was excellent at normal temperatures, pos- 
sessed very bad insulation when the temperature ap- 
proached the freezing point of water. 

Recent experiments with the arc have apparently shown 
that its temperature is constant, being about 3,500° C., and 
that the amount of light emitted per unit area of crater 
surface is also constant, for which reason some have urged 
its adoption as the unit of light; the amount of light given 
off per square millimetre of crater surface is given as about 
seventy candles. A French scientist suggests a photometric 
standard made of phosphorescent zinc sulphide, which, in 
common language, might be called luminous paint. If 
exposed to the light it will afterward emit light, the inten- 
sity of which seems to be independent of the original source 
of illumination, of its duration, and of the thickness of the 
layer. Among the different forms of photometers the 
Lummer-Brodhun type seems to be meeting with increasing 
favor. Several curious forms of photometers have been 
described, in one of which light is absorbed and measured 
by a semi-translucent screen of increasing thickness, and, 
in another, letters printed on successive sheets, each one 
with a darker background than the preceding, are used, but 
both are, of course, only very crude instruments. 

For measuring extremely high temperatures, as in fur- 
naces, and also for extremely low temperatures approaching 
the absolute zero, physicists seem to have found electrical 
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methods the most reliable. For high temperature ther. 
mometers, Dr. Barus concludes from a long series of experi- 
ments that a couple made of platinum with an alloy of 
platinum and iridium or rhodium gives the best results. 

Mr. Lagarde has made a re-determination of the specific 
resistance of pure copper, and finds it to be 19°58 ohms, pre- 
sumably legal ohms, at 0° C. fora wire 1,000 metres long and 
one millimetre in diameter. He also found that the tem- 
perature coéfficient ‘00445 is fairly constant between o° and 
40° C.,and that it is directly proportional to the conductivity 
of the copper. 

A writer ina German paper calls attention to the fact 
that the shape of the waves of an alternating current will 
have{quite a perceptible effect in the reading of a voltameter 
and in the working of an alternate current are light, and 
he concludes therefrom that both should be adjusted with 
currents from the same generator with which they are to be 
used. 

A French writer has devised an analytical method for 
determining the shape of the curves of alternating currents, 
consisting of an experimental determination of the succes- 
sive termsin the Fourier series, from which the curve can 
then be deduced. The measurements are made with aux- 
iliary apparatus used in connection with the alternator. 

There was much discussion in foreign journals regarding 
the work to be done by the Chicago Congress, but as all this 
was entirely ignored by the delegates to that Congress it 
may be passed over here. Although it has been of little 
use, it was none the less interesting and instructive. 
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CHARLES A. COULOMB. 


By Pror. Epwin J. Houston. 


[Read before the Electrical Section of the Franklin Institute at its stated 
meeting, March 28, 1893.| 

The eminent services of Charles A. Coulomb to physical 
science generally, and to the field of electricity and magnet- 
ism in particular, have long been recognized by the scien- 
tific world. When the custom arose of naming the practical 
electric units after distinguished electricians or physicists 
who had passed from their labors, Coulomb was remem- 
bered and the practical unit of electric quantity was named 
after him. 

Portraits of all the scientists after whom the units of 
electricity are named, have been published, with, I think, 
the exception of Coulomb. 

One of my former students, a grandson of Coulomb, has 
loaned me a eulogy on his grandfather by Delambre. 
This eulogy gives an excellent account of the civil and 
scientific services rendered by Coulomb to the world, and I 
have thought that a translation of the same, together with 
a photograph, taken from an oil painting now in the 
possession of the Coulomb family, might be of interest to 
the electric public. 

I have, therefore, made a free translation of the article. 
The manuscript is in that illegible handwriting so often 
characteristic of genius. Indeed, this is true in the present 
case to such an extent that in all probability I may have 
erred in some respects in my translation. I believe, how- 
ever, that this will be true to but a limited extent, espe- 
cially as Prof. Bernard Maurice, Professor of French in the 
Central High School of Philadelphia, has kindly given my 
translation the benefit of his criticisms. 

Although the translation can best speak for itself, yet a 
brief summary of the more important of M. Coulomb’s 
contributions to physical science may be of interest. 

The field which M. Coulomb occupied in science was a 
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varied one. His earlier work comprised the construction o1 
submarine works with means for laying foundations without 
previous drainage. 

He also early in life conducted a series of investigations 
as to the efficiency of man as a prime mover, and made 
various calculations as to the amount of work that a 
man can do when obliged to spend his power for the 
driving of machinery. Later on in life he was awarded 
by the French Academy a prize for a theory of simple 
machines, and conducted an extensive series of experiments 
concerning the strength of materials and the friction of 
one body over another, either when in motion or when 
started from a state of more or less prolonged rest. 

In connection with M. Swinden he was awarded the prize 
by the French Academy for the best construction of com. 
passes. 

The contribution to physical science, on which it may 
be said that M. Coulomb’s reputation mainly rests, was 
the invention of the torsion balance, by means of which 
he conducted that extensive series of experiments in elec- 
trostatic and magnetic attractions and repulsions, which 
won for him a lasting reputation as an experimental philoso- 
pher of the highest type. 

In the construction of the torsion balance, he established 
the law that the force producing the torsion of a wire is 
directly proportional to the angle of torsion. 

It was by means of this balance that Coulomb established 
definitely the law that magnetic and electric attractions and 
repulsions between two bodies are inversely proportional 
to the square of the distance. 

It may be of interest to the Section to note that Coulomb 
proposed a theory of magnetism which bears a remarkable 
resemblance to some of the theories of magnetism pro- 
pounded during later days. 

Coulomb imagined that the molecules of a magnetized 
bar consist of numerous separately magnetized particles, 
with their opposite poles in contact, and showed how the 
opposing actions of such poles, would, for the greater part, 
neutralize each other, leaving the two extreme poles alone 
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to act freely as centres of action at the ends of the bar. 
By a series of extended investigations he showed that the 
property of magnetism was by no means confined to iron, 
obtaining unequivocal signs of attraction in all of the many 
substances that he subjected to experiment. Nor did he 
ascribe this property of magnetizability to the presence 
of iron in the different bodies, which he found were 
susceptible to the magnetizing force; for, as he himself 
pointed out, in order to permit this supposition to be true, it 
would be necessary to assume so considerable a quantity of 
iron distributed throughout the substance, that it could not 
have failed to manifest itself to even ordinary chemical 
analysis. 

Coulomb made a study of the distribution of magnetism 
in a magnetic needle, showing that the magnetic force is 
very feeble throughout nearly the entire length of the 
needle, but is concentrated at two points near the ends, #.¢., 
at its free poles. 

It was in connection with the above studies concerning 
the distribution of magnetism in a needle, that Coulomb 
sought for an analogous distribution in an electric charge, 
and showed by means of his investigations that an electric 
charge, which is so powerful at the surface of bodies, pene- 
trates the interior but slightly, and, at the same time, ascer- 
tained the law according to which an electric charge 
distributes itself over conductors of different dimensions. 

His investigations also extended to the action of points 
on the discharge of electrified bodies. 

In the domain of magnetism Coulomb constructed an 
improved inclination compass and proposed methods for 
the production of artificial magnets. He also investigated 
the effects which temperature produces on magnetism, cal- 
culating the temperature to which it would be necessary to 
heat a magnetized needle in order to deprive it entirely of 
its magnetism. 

The brief review which I have made concerning the 
extended discoveries of Coulomb, when taken in connection 
with the translation, will, I think, show the importance of 
his scientific work. 


it 
© 
| 
4 
1 
if 
z 
a : 
a 
3 
4 ig 
3 
a 
1 
il 


458 Electrical Section. F. 


THE INSTITUTE or FRANCE. 
ACADEMY OF SCIENCES. 

The Perpetual Secretary of the Academy certifies that 
the following is an extract from the memoir of the Class of 
Mathematical and Physical Sciences of the National Insti- 
tute of France, vol. 7, Second Semestre, p. 206: 


HISTORICAL EULOGY or CHARLES H. COULOMB. 


By M. De_ampre. 


[Read at the Public Séance of the 5th of January, 1807.) 


Charles Augustus Coulomb, Lieutenant Colonel in the 
Engineer Corps, Chevalier of St. Louis, Member of the Aca- 
demy of Sciences, and afterwards of the Institute and of the 
Legion of Honor, one of the Inspector Generals of Educa- 
tion, was born on the fourteenth day of June, 1736, at Angou- 
léme, of a family which was distinguished in the magistracy 
of Montpellier. 

Coming at an early age to Paris, he manifested so decided 
a taste for the mathematical sciences that he determined to 
devote himself entirely to them: but, finding some obstacles 
to the execution of this project, he entered the Military Engi- 
neer Corps, where he at least hoped to use for his advance- 
ment that knowledge the pursuit of which was his sole 
passion, and, in order to achieve more promptly the end of 
his ambition, he determined to go to America, where he was 
employed by the Government in the construction of public 
works of the greatest importance. Here some work under- 
taken during hot weather seriously affected his health. The 
cruel malady by which he was attacked, and which had been 
fatal to all his co-workers, made him desirous of returning 
to France. His superior officer, however, kept him in the 
service by the higher rank to which he raised him and by 
inspiring hopes which were unfortunately never realized. 
He finally returned to France after nine years’ absence. Up 
to this time he had given himself unsparingly to his pro- 
fession. He brought to this work, as means for carrying 
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out with greater economy and solidity the various construc- 
tions which he directed, that spirit of experimental research 
and calculation which so eminently distinguished him. 
The observations and theories which had guided him in 
such work furnished materials for a memoir which he read 
before the Academy of Sciences, and which secured for him 
the title of Corresponding Member. 

About the same time he designed methods for carrying 
on submarine works without previous drainage, and in- 
vented a species of wheel which appeared to him similar in 
its operation to a windmill, and tested its efficiency by com- 
paring the useful effect with the effect lost by blows and 
by friction. 

We would refer to this epoch a memoir, which, however, 
he did not publish until twenty-five years afterwards, but 
which he read before the Academy in1775. In this memoir 
he estimated the quantity of work which men can furnish 
in their daily labor, according to the manner in which they 
employ their strength. The aim of these researches, under- 
taken at different epochs of his life, was to diminish the 
fatigue of man when obliged to act as a simple machine. 

In 1779 he shared with M. Swinden the prize offered by 
the Academy for the best construction of compasses. Two 
years afterwards he carried off the prize offered by the same 
society for a theory of simple machines. 

Amontons had published some experiments on the same 
subject, but these experiments, being conducted on a small 
scale, in the physical laboratory, were insufficient to cor- 
rectly estimate the friction of machines designed to carry 
great loads. The first thing to do then was to design an 
apparatus that could be loaded with enormous weights, 
which would permit of variations in the trials, of the calcu- 
lation of the effects, and of the observation of the friction 
of different bodies, either dry or covered with unguents, slid- 
ing over one another in different directions, both while in 
motion, or when started from a more or less prolonged state 
of rest. M. Coulomb who then lived at Rochefort, found 
in the Marine Arsenal, by the kindness of the Commandant 
M. Touche Treville, everything which could facilitate this 
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new and important research. The Academy, in crowning 
this work, testified their satisfaction both as to his theory 
and as to his experiments. . 

These two researches possessed that characteristic which 
M. Coulomb had impressed on all his works. In the one, as 
in the other, we observe his close attention to the interro. 
gation of nature and his ability to seize and verify every- 
thing of importance, to search in rational mechanics for the 
formulz best suited to connect the isolated facts, and to 
try new experiments, and, by varying them in a suitable 
manner, to endeavor to determine the kind of formule and 
the quantities which could be varied according to the nature 
of the substances submitted to experimentation. 

It has already been said of those who have distinguished 
themselves by the advancement of new views, that the 
germs of their discoveries were contained in their first 
work; that their later productions have been but enriched 
and matured developments of their earlier ideas. 

We have a new proof of this saying in the labors of M. 
Coulomb, which are to be ranked among the most advanced 
in physics. 

In the competition for a prize on the compass, one of his 
competitors indicated a means for avoiding the effects of 
torsion; that is to say, the resistance which the suspended 
wire offers by its rigidity to the force of magnetism, tending 
to deflect the needle in a constant direction. M. Coulomb 
endeavored to familiarize himself with these effects of tor- 
sion, and even described at that time an apparatus for 
measuring with accuracy the forces of torsion, but he could 
not find a mechanic capable of constructing the apparatus 

‘he had designed, and this, his first conception, announced 
while undeveloped, no doubt contributed in some degree to 
the success he afterwards achieved. 

There is no little difficulty in appreciating all that is 
contained in these first suggestions, all that was born in 
this early conception. 

In 1781, M. Coulomb continued his labors in Paris. The 
Academy was eager to admit him to membership. All his 
thoughts were now turned toward those researches on mag- 
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netism and electricity which formed both his chief glory 
and the richest collection of the Academy. Here he com- 
pleted his successive labors and discoveries. 

' In order justly to appreciate the services which M. 
Coulomb has rendered to physics, and to understand the 
advantages of his methods, let us take a brief glance at the 
state of physical science at different epochs. 

The ancients were acquainted with physics in name only. 
To be convinced of this fact, it will suffice for one to read, 
if able to do so, the numerous treatises of Aristotle, not 
so much on the general subject of physics, as on the 
heavens, generation, corruption and meteors. 

We will remark that in all of these are contained numer- 
ous dissertations on space, time and the principles of the 
elements. What advantages can one draw from this 
obscure mass of unintelligible metaphysics? What can we 
understand in the very brief treatises in which Plutarch 
has rendered but poor service to the Grecian philosophers, 
by condensing their opinions in an exceedingly brief space 
as if he wished by the collection the better to turn them 
to ridicule ? 

What do we see in these treatises, unless it is that, satis- 
fied with an insufficient examination into some phenomena 
of nature, the authors had been afforded an opportunity of 
exercising their imagination on such phenomena, without 
being able to invent any of those ingenious machines which 
aid in the investigation of nature; so that with the single 
exception of some of the striking truths found in the writ- 
ings of Archimedes concerning his inventions, together 
with some other of the geometricians and mechanicians of 
Alexandria, amongst which we find Hiero, whose name 
even yet is given to an interesting machine found in all 
cabinets of philosophical apparatus, we would be perplexed 
to find in their writings any statements which could prop- 
erly be inscribed in modern treatises, and, if we did 
mention their names it would only be to point out their 
errors. We see then the reason for the small progress 
which the ancients made in physics; they only studied it 
as metaphysics. 


I 
P 
1S i 
O- 
ie 
le 
c 2 
7 
G : 
e 
st : 
4 
d 
‘ 
4 
} 
‘ 
Ss q 
d 
b 
r 4 
i 
S i 
n 
q 
— 
q 
a ; 4 


462 Electrical Section. [J. F.1., 


The reason they had more success in the study 
astronomy was because at an early date they felt the neces. 
sity for employing suitable instruments and making obser. 
vations and calculations. 

The happy applications of geometry to one of the most 
important branches of physics pointed out the road neces- 
sary to follow in order to equally perfect all other branches. 
It was in fact this road which Galileo took at the epoch of 
the revival of letters and sciences. 

It was by geometry that he discovered new and ingeni- 
ous means for measuring the fall of bodies. 

The pendulum, the barometer, the air pump and the 
prism enlarged the field of experimentation. His book of 
mathematical principles placed physical science on a true 
basis. The fact was then fully appreciated that the sciences 
could be perfected only in so far as they could succeed 
in carrying into this obscure domain the double torch of 
experiment and calculation. 

S. Gravesende endeavored to produce a complete course 
of mathematical physics, but magnetism and electricity 
could find no place in his plan; for electricity was scarcely 
born and magnetism had been but little developed. 

/Epinus was the first who submitted these subjects to 
analysis. He endeavored principally to explain known 
effects, but his progress was inconsiderable:; for he was not 
sufficiently careful to verify by experiments the results 
which he obtained by calculation. 

It was by illuminating one fact by another and by fus- 
ing them into one, that M. Coulomb reached the hitherto 
unknown principles with which he enriched physics. 

From the first he appreciated the necessity for new 
apparatus. Attractions, either electric or magnetic, ! so 
powerful at exceedingly small distances, either rapidly 
decreased or disappeared entirely at comparatively small 
increase of such distances. In order to measure them 
correctly, it was necessary to oppose them to a known force 
which they could readily overcome; to employ a body 
so light as to permit the least force to impart to it a 
sufficiently great movement, under conditions in which 
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exceedingly small forces could be rigorously measured. 
M. Coulomb hoped to find such a force in the almost imper- 
ceptible resistance a wire offers to a force tending to twist 
it. He ascertained that this resistance increases uniformly 
with the amount of torsion given to the wire, or, to speak in 
scientific language, that the force was proportional to the 
angle of torsion. He was then in possession of the instru- 
ment he so long desired, and it was by this simple means 
that he discovered the law which had hitherto escaped the 
researches of physicists. 

He showed by simple and convincing experiments that 
the attractions and repulsions are in the inverse ratio of 
the square of the distance. This law was immediately 
adopted by all physicists, most of whom had a presenti- 
ment of its truth. A®pinus had often employed this law in 
some of his calculations, judging it to be the most probable 
that could be conceived, but he had not been able to dis- 
cover the means for its demonstration. This glory was 
reserved for M. Coulomb. 

These discoveries accomplished, by means of which he 
conquered two modern branches of physics, we see M. 
Coulomb employing the rest of his life in cultivating the 
domain he had conquered. 

The law which he had discovered became of great 
assistance in his subsequent calculations and experiments. 
But it was not sufficient. It would be necessary to com- 
bine with it an intimate knowledge of the essential prop- 
erties of that marvellous agency, the production of which 
we cannot yet entirely control. A2pinus explained the 
principal phenomena of electricity and magnetism on the 
assumption of the existence of a fluid, the molecules of 
which possessed the double property of mutually repelling 
one another, and of being attracted by the molecules of 
gross matter. But he was obliged to assign to these mole- 
cules the double property of mutually repelling one another 
and yet of being attracted by the molecules of other bodies, 
a property difficult to reconcile with generally received 
notions, 

The hypothesis of a double electric fluid conceived by 
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Symmer, and employed by Wilke and Brougman, though 
less simple at first glance, nevertheless contains nothing 
inconsistent with well-known principles. In all his calcula. 
tions M. Coulomb adopted this hypothesis as the best. 

In order to place this hypothesis beyond all objection, 
and entirely to reconcile it to the phenomena of attrac. 
tions and repulsions which it describes, it is very desirable 
that one should be able, by direct experiments, to demon- 
strate the existence of these two still problematical electric 
fluids. They are now indicated only by calculation. They can 
explain phenomena, but nothing yet demonstrates that it is 
impossible to find a simpler explanation of such phenomena. 

When the early astronomers wished to account for the 
unequal movements of the sun they found two hypotheses 
equally capable of satisfying their observations. The double 
inequality in the movements of the planets requires the 
assumption of two hypotheses, either of which sufficed 
to account for the orbits of the very eccentric planets, such 
as Mars and Mercury. This system, which at first seemed 
so happily conceived, was afterwards set aside or reversed 
by Copernicus and Kepler. 

One might fear, or indeed, rather desire, a similar fate for 
our two hypothetical fluids. Already we feel that the 
phenomena in question require further explanation. To 
avoid this difficulty, M. Coulomb supposes that all the mole- 
cules in a magnetized bar consist of so many magnetized 
parts, the opposite poles of which are in contact. The oppo- 
site actions of these poles should for the greater part destroy 
each other. The two extreme poles can alone act freely 
and hence form two centres of action placed at the extreme 
ends of the bar. No matter how ingenious this conjecture 
may be, it may very closely resemble the hypothesis of epi- 
cycles of the ancient astronomers, which possessed no other 
real merit than to facilitate calculations which will lead to 
the knowledge of the real causes. It is the same with the 
two electric fluids. It is very ingeniously assumed that the 
resinous and vitreous fluids experience unequal resistance in 
the air. Nothing prevents us from admitting hypotheses 
provided they are not incompatible with known principles, 
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only we may regard with regret the complexity of the sys- 
tem. But, in the midst of so many causes which act to ob- 
scure the phenomena, it is not astonishing that the explana- 
tion loses much of the simplicity that we would desire it to 
possess. The planets, separated from one another by im- 
mense distances and moving through free space, may rigor- 
ously follow the law which suffices to explain their almost 
imperceptibie inequalities. But bodies which we hold in 
our hands, and with which we experiment, are very far from 
being placed under such favorable circumstances. Where 
many forces operate it is necessary to include them all in 
the calculation, so that complex effects would not be reduced 
to very simple principles. It is not, therefore, the fault of 
the physicists if their explanations are not characterized by 
that unity which we are accustomed to find in the problems 
of astronomy. 

But if physicists are thus placed at disadvantages they are 
recompensed by other considerations which should animate 
them with courage. 

The heavenly bodies revolving at such vast distances 
from us, only complete their revolutions in times that are 
more or less considerable, but always very long, and it is 
only at great intervals that they can come into conditions 
favorable for the researches of those who wish to explain 
their movements. The physicist, on the contrary, holds in 
his hands the objects of his study. He can at will place 
them in suitable positions, and, if astronomy has required 
centuries to perfect itself, we can hope that in much less 
time physicists will be able to reach that certainty and clear- 
ness which may reasonably be expected. 

Such progress will ultimately crown the work of those, 
who like M. Coulomb, have not only endeavored to create 
new apparatus for new research, but who also avail them- 
selves of the infinite resources that may be found in modern 
analysis. 

sy means of the torsion balance, which permitted him to 
measure the feeblest manifestation of magnetism and elec- 
tricity, he satisfactorily determined the law according to 
which electricity passes and insensibly disappears, the influ- 
Vou. CXXXVI. 30 
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ence which produces the effect, the humidity of the air which 
surrounds the conductor, and the imperfection of the sup 
ports by which they are insulated. He showed by delicate 
experiments that electricity, which is so powerful at the sur 
face of bodies, becomes insensible when we penetrate the in. 
terior but slightly, and that magnetism, very feeble through 
almost the entire length of the needle, possesses strength in 
but two points near the ends, and sought to discover the law 
according to which electricity distributes itself along con 
ductors or on globes of different dimensions. What can be 
the cause of the power possessed by points and the great 
effect of the electric kite (cerf volant électrique). From these 
‘difficult speculations, so pleasing to him, he descends to 
objects of practical utility. It was to “obtain a better con- 
struction for the compass that he had undertaken his early 
researches. In proportion as he made sensible progress he 
endeavored to improve his more important instruments, as, 
for example, the inclination compass. At this time more 
or less complete means for producing artificial magnets 
were in use. By the application of his theory M. Coulomb 
was enabled to add increased perfection to the best of these 
methods. 

As regards the influence of temperature on magnetism, 
viz: that the strength of magnetism decreases as the heat 
increases, he found by very convincing experiments and by 
the aid of a theorem of M. La Place that it would be neces- 
sary to give a needle 700° of heat in order to deprive it 
entirely of its magnetism. 

For a long time iron had been regarded as the only body 
which is attracted by the magnet. M. Coulomb found some 
unequivocal signs of attraction in all the bodies he sub- 
jected to experiment, from which he believed that he could 
conclude that magnetism like electricity occurs throughout 
nature. 

This discovery is the last he made. The task of verify- 
ing it kept him occupied up to his last moments. We find 
in his manuscripts some curious experiments from which it 
would appear that in order to attribute to iron hid in differ- 
ent bodies the degree of magnetism which he had observed, 
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we must assume that there exists uniformly spread through- 
out these substances a quantity of iron so considerable that 
it would not have failed to manifest itself under the inves- 
tigations of any distinguished chemist who had under- 
taken to separate or purify the substances on which he had 
made his experiments. We shall not now study in detail 
Coulomb’s unpublished researches. These cannot yet be 
properly judged by savants. We feel that this is not the 
place to give an extensive idea of his works. Besides, such 
an exposition already exists. All savants can read it in the 
best and most modern treatises on physics. Coulomb ranks 
among the first physicists of Europe. He has distinguished 
himself by creating a new branch of natural science and 
has presented in the clearest and most methodical manner 
all the discoveries and theories of his distinguished con- 
temporaries. This extract, which may serve in some 
respects as a commentary on the doctrine of M. Coulomb, 
does not prevent us, however, from having recourse to the 
original writings for a multitude of details necessary for 
those who may wish to continue the work that was so sadly 
interrupted by his death. 

For a long time it was hoped that M. Coulomb would 
collect in a complete treatise, in the order in which he had 
discovered and demonstrated them, the ideas which he had 
published in his numerous memoirs. His friends often 
asked for such a work, but the feeble state of his health gave 
him little hope of its completion. He preferred to add as 
much as he could to the sum of our knowledge. He left for 
the bookseller, who was to print the collection, a note as 
to the order in which he wished his memoirs arranged. 
Before beginning the printing, it will be necessary to exam- 
ine his manuscripts, and to transcribe the notes which he 
added to them, for this will form an interesting sequel to 
the material which he has himself published. 

We have so far presented M. Coulomb as a very distin- 
guished savant. The man himself, however, was no less 
deserving of commendation; that good sense, that upright- 
ness and severity of principle, which he manifested in all 
iis mathematical researches, were no less strongly evinced 
in his moral conduct. 
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Sent to Brittany by the Minister of the Navy, as a Com. 
missioner of the King, to examine some projected canals, 
he employed all his energy to prevent the adoption of 
ruinous plans. The province, recognizing that it could not 
induce him to accept any other mark of its gratitude, 
bestowed upon him a testimonial, which possessed in his 
eyes no other merit than that of often recalling to him 
the recollection of the services he had rendered and of the 
esteem he had gained. When the revolution came, he 
resigned all his public positions, among which was that 
of General Superintendent of the Water Supplies of 
_France and Superintendent of the Fortifications. The first 
was hereditary in his very distinguished family and would 
otherwise have passed to his descendants. 

Thus relieved of his labors he occupied himself in col- 
lecting the remnant of his fortune, of which he was able 
to save only a very small part. He hoped to find consola- 
tion in the Academy and in the continuation of his labors; 
but the Academy was suppressed. He retained his mem- 
bership in the Commission of Weights and Measures, but 
was cut off from this shortly afterwards, and, being obliged 
to leave Paris by the law which expelled all the nobility, he 
retired with his friend Borda, to a country seat which he 
owned, in the neighborhood of Blois. 

In this solitude, in the bosom of his family, and with 
the consolation of friendship, M. Coulomb almost changed 
the manner of his life. He was able still to continue his 
meditations, which he even extended to new objects. The 
vegetable world claimed his attention. Some trees he had 
cut down gave him ideas on the motion of the sap. He 
began some researches on plants, and the fragmentary 
notes on these subjects which we find in some of his manu- 
scripts, make us wish that the remainder was accessible. 

Recalled from exile to continue his labors on weights 
and measures, we find him at this work for but a few days. 
He was anxious to return to his wife and children and to 
take care of the little property which was now their sole 
resource. 

He returned to Paris only on the re-establishment of the 
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Institute. His health, which had been impaired, made it 
necessary for him to seek that medical aid which he had 
so long refused. An excessively nervous temperament 
gave him vivacity of character, coupled with a certain impa- 
tience, from which however, owing to his constant endeavor 
to conquer it, he alone suffered. 

Named as an Inspector General of Instruction, although 
he might have regarded this favor as an indemnification 
for his many losses, and although by reason of his varied 
knowledge in different branches of public instruction, he 
was as well qualified as any person for so important a post, 
vet he hesitated a long time as to whether he should 
accept it. 

He feared fatigue that would injure his health, as 
well as protracted absence that would interrupt works 
in which it would be difficult to find a substitute. He 
had devoted himself to developing the character of a son, 
who already responded to his care and whom he would now 
be obliged to place in other hands. He however, accepted 
the position offered, Madame Coulomb now became his 
inseparable companion in all his work. Thanks to her care 
and to her active tenderness, he escaped the dangers he 
had feared from his public labors. 

M. Coulomb gave himself up to his new duties with all 
the zeal and precision which characterized him. His grave 
and severe countenance was softened by the presence of 
young children, who recalled to his paternal heart its 
sweetest delight. He spoke to them as a father to his 
children; aided them in their weaknesses and encouraged 
them in their timidity. He loved to find, in their growing 
character, promises of talent which might eventually be of 
use to his country. Only those who have seen him in 
private life can properly testify to the charm and abandon 
of his nature. Faithful husband, kind brother, good father 
and friend, man of integrity and devoted citizen, he exer- 
cised all virtue spontaneously and without ostentation ; 
severe to himself but indulgent toward others. His manner 
exhibited that ease which comported so well with the 
eravity of his character, but which could not suppress his 
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sweet and quiet gaiety which was that of a soul at peace 
with itself. Noble and generous in all his affairs, he occu- 
pied himself least of all with his own interests. 

Although modest and unpretentious, he knew how to repe! 
an unjust attack with both strength and dignity. This last 
trait of his character he had but little occasion to develop. 
In the one case which comes to our knowledge, and which 
the Institute has not forgotten, his adversary who did not 
know that he was attacking M. Coulomb, afterward admit- 
ted his own error. 

No one enjoyed more general consideration. He had seen 
his doctrine admitted and taught by the most distinguished 
‘scientific men. The world was pleased to render him jus- 
tice. His merit and his success never made him an enemy. 
He longed for nothing but better health. His condition, for 
a long time before his death, gave his friends much uneasi- 
ness. A grave chronic infirmity, which he himself regarded 
as the forerunner of approaching death, was added a slow 
fever which gradually consumed him. 

The feeble condition to which he was reduced, forbade him 
taking any nourishment; and all resources of art, adminis- 
tered by hands of friendship, were found equally powerless 
to mitigate his suffering or to revive his failing strength. 
He died on the twenty-third of August, 1806, leaving to his 
son no other inheritance than his honored name, the exam- 
ple of his virtues and the memory of the important services 
which he had rendered to the world. 

His place in the Academy was filled by M. Montgolfier. 


Certified and confirmed by the Perpetual Secretary of the Sec- 
tion of Science and Mathematics. F, ARAGO. 
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Section of Engineers and Naval Architects 


OF THE 


FRANKLIN INSTITUTE. 


‘Proceedings of the Preliminary Meeting of the Penn Institute of Engi- 
neers and Naval Architects as a Section of the Franklin Institute, Sep- 
tember 21, 1893.) 

HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 21, 1893. 


Mr. Wm. H. BARGER, in the chair. 


The Chairman appointed Mr. Newman Secretary for the evening. 

Members present—Messrs. Barger, Yeo, Cresswell, Sicord, Quinn, Love- 
kin, Nilson, Newman, Helstrom. 

Members absent—Messrs. Folmer, McLaughlin, Campbell, Ham, Pistor, 
Hartley, Matlack, Branson. 

The Chairman stated that the gentlemen above-named as forming the 
Penn Institute of Engineers and Naval Architects, individually members of 
the Franklin Institute, had as a body made application for permission to form 
« Section of the Franklin Institute, to be known as the Section of Engineers 
and Naval Architects; that the application had been granted, and that the 
object of the meeting was to fix upon an evening for holding the monthly 
meetings and to elect officers. 

; He also stated that he had interviewed Dr. Wahl, the Secretary of the 
q institute, and had been informed that the most suitable evening would be the 
3 fourth Wednesday of each month. 

it was thereupon resolved to hold the monthly meeting on that evening. 


Resolved; that as the meeting consists of a majority of the members, it do now 
proceed to elect officers. 


q The following officers were then elected : 
President—R. L. Newman. 
Vice-Presidents—Wm. H. Barger, Andrew Ham, Wm. F. Sicord. 
Recorder—Robert McLaughlin. 
Treasurer—Alexander Campbell. 
Corresponding Secretary—John F. Quinn. 
Conservator—George S. Yeo. 
The Chairman appointed the following gentlemen a committee to draft a 
setof by-laws for the government of the Section: Messrs. Campbell, Barger, 
Ham, Sicord, Folmer. 
It wasthen resolved that the first regular meeting of the Section be held 
on the fourth Wednesday in October. 
rhe meeting then adjourned. R. L. NeEwMAn, Secrefary pro tem. 
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[ Proceedings of the stated meeting, held Wednesday, October 25, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 25, 1893 


Mr. R. L. NEwMAN, President, in the chair. } 


The first stated meeting of the Section of Engineers and Naval Architects 
was held this evening. 

The minutes of the preliminary meeting were read and approved. 

The President having announced the unavoidable absence of the Record- 
ing Secretary, Mr. Campbell kindly volunteered to perform his duties for the 
evening. 

The following gentlemen were proposed and duly elected to membership 

Messrs. Edwin S. Cramp, Lewis C. Nixon, James H. Horgan, Walter S. 
Cramp, J. W. Atlee, James Young, Nesbit Sinclair, G. L. Davidson, E. C. 
Given, E. Heyne, E. Hoel, C, Heinrichs, Nelsen Madsen, Wm. Collison, 
Wm. H. Wahl, John McInnes, John McMaster, John A. Nilson, Thos. Jarvis, 
John Sullivan, James B. Rowen, Wm. J. Warne, Leighton Lee, W. kK 
Watson, Albert Duboy, E. L. Peacock, John Bayne, Jr., Henry Pemberton, Jr. 
F. L. Gamson, R. D. Wilson, C. B. Schultz. 

This being the first regular meeting of the Section, the President delivered 
his inaugural address, in which he dwelt upon the foundation of the Section, 
its aims and its prospects for the future. 

The by-laws were then read, and Articles 8, 11, 13 and 14 amended. 

The Section unanimously accorded a vote of thanks to Dr. Wahl, Secretary 
of the Institute, for his kindness in being present and for his assistance in 
formulating the by-laws. 

Mr. Barger was accorded a vote of thanks for the energy he displayed in 
bringing the members together for this evening's meeting. 

Attendance, thirty-three persons, including visitors. 

The meeting then adjourned. 

ALEX. CAMPBELL, Secrefary pro tem. 


[ Proceedings of the stated meeting, held Wednesday, November 22, 1893.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 22, 1893. 


Mr. R. L. NEwMAN, President, in the chair. 


The second stated meeting of the Section of Engineers and Naval Archi- 
tects was held this evening. 

The minutes of the previous meeting were read and approved. 

The by-laws were read, with amendments made at previous meeting, and 
unanimously adopted. 

The following-named gentlemen were proposed for membership and duly 
elected: Messrs. August Bod, J. V. Olsen, Jas. S. Doran, Wm. C. Foley, 
Thomas Jordine, Walter Whetstone, A. Masters, James C. Workman. 
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A paper on “ The Subdivision of Steamships"’ was read by Mr. Andrew 
Ham. 

An animated and instructive discussion followed the reading of Mr. Ham's 
paper, and was participated in by Messrs. Foley, McInnes, Stoever, Warne, 
Newman and Campbell. 

Attendance, thirty-six persons, including visitors. 

Adjourned. RoBERT McLauGHLIn, Secretary. 


THE PRESIDENT’S INAUGURAL ADDRESS. 


[Read at the first stated meeting of the Section, held Wednesday, October 
25, 1893.) 


Mr. RICHARD L. NEWMAN, President, in the chair. 


On assuming the chair, the President spoke as follows: 


GENTLEMEN :—I take this opportunity of expressing to 
you my thanks for the honor you have done me in electing 
me your first President. 

It will be my earnest endeavor during this session to pro- 
mote the best interests of this Section, and, as one of its 
founders, I am the more anxious to see it a complete suc- 
cess. I trust that both the officers, and all our friends who 
have its welfare at heart, will support me in my endeavor 
to this end. I hope, therefore, that they will attend regu- 
larly at our various meetings, and thus, by their presence, 
encourage the contributors of papers and give to this Sec- 
tion (and especially to the younger members of the same) 
the benefit of their experience and advice. For I consider 
that the great feature of societies like our own is the dis- 
cussion of subjects, rather than the mere listening to a 
paper or a lecture. 

I also trust that many of our younger members will join 
in these discussions, both for the sake of eliciting informa- 
tion from those who can give it, and to show that they 
take an interest in the subject under discussion. A good 
way of learning something of a subject, is to criticise it in 
a proper spirit, and any young member who will get up the 
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necessary information to properly criticise such papers as 
may be read here, will find, at the end of the session, that 
he has gained considerable information. 

I must also congratulate you on your good fortune in 
starting as a Section of one of the oldest scientific societies 
in America, if not the very oldest. 

Here you have a good and permanent home and the use 
of one of the most complete scientific libraries in the 
country. The advantages of the latter must be plain to all, 
as it brings within the reach of those of our members who 
desire to prepare themselves for our future discussions, such 
books as would otherwise be difficult to obtain. 

As to our financial position I can say but little; but I 
would call your attention to the necessity of accumulating 
funds in the early days of a society like this for its success- 
ful career afterwards—for the day must come when, to con- 
tinue with success, we shall have to expend considerable 
sums of money; and, to enable us to do so, I would recom- 
‘mend economy until such time as we consider ourselves on 
a sound financial basis. 

Another point that I would particularly draw your 
attention to, is this: that those of our members who 
are willing to provide us with papers during the present 
session, would greatly facilitate our arrangements by 
notifying the Secretary as to the subject they desire to 
write on, and the earliest date at which they can deliver 
the paper to the Secretary to enable him to arrange a 
syllabus of our future work. We have already received 
promises of papers from Mr. Walter Cramp, Mr. Camp- 
bell, Mr. Peacock, Mr. Blumberg, and several other gentle- 
men. 

Although at one time it appeared as if mechanical engi- 
neering and ship-building had a limit to which we were fast 
approaching, and that sooner or later all that could be 
known, or was worth knowing, would become known, yet, 
as time goes on, we are found branching out right and left 
on new departures. We find that, so far from having 
reached the length of our scientific tether, completely new 
fields have been opened up. During the last eight years 
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the marine engine has undergone another change somewhat 
similar to that which it passed through some twenty to 
twenty-five years ago. The result of this has been further 
economy of fuel, and although not so startling as in changing 
to the first compound, yet the gain was sufficiently tangible 
to justify engineers in their new departure, and it has been 
the means of inducing men, in their hunt for a remunerative 
investment, to spend their money with the engineer and 
ship-builder. We are, I think, now at a stand-still, as far as 
the engine is concerned, and are likely to remain so for 
some time to come. It is true that we have the quadruple 
engine, but I think the gain, or economy, here is more 
apparent than real, and is likely to remain so until such 
time as we are ina position to command and work much 
higher steam pressure than we now have. 

The next advance will, I think, be made in the boiler, in 
the apparatus in which the agent is generated for propel- 
ling the machinery. Whether it will be a steam boiler or not 
I cannot say; but when we look round and realize with what 
an extravagant hand we draw on the bountiful resources 
of nature, it is then, and only then, that we see the neces- 
sity for a saving in this direction. Can anyone imagine 
anything more crude than our modern boiler? I grant you 
that it has been created by the surmounting of a series of 
difficulties that only an engineer can appreciate; but I am 
now dealing with the machine as viewed from a scientific 
standpoint, and Iam sure you will all agree with me that 
when we put under a boiler a certain quantity of coal, 
representing theoretically a given quantity of work and in 
return get between o*5 and o7 of this theoretic value, 
itis then time for us to look round for another agent or a 
more economical method of developing the present. 

Gentlemen, it is one of the easiest things in the world 
to find fault; but it has been my experience that it is one 
of the most difficult to find a remedy. 

Here we are, finding fault with a very old friend, but we 
shall have to stick to him, or improve him, until we can find 
i better. 

I think the future march of improvement should be 
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looked for in the development of the multitubular boiler, 
induced or improved forced draught, and the adoption o! 
petroleum as a fuel. 

In the first case, we may be able to get a boiler to gene. 
rate steam at say 500 or 600 pounds per square inch, thereby 
increasing the indicated horse-power per ton of boiler. But 
it might be urged that we could not handle steam at such 
a pressure and temperature. Admitting this to be a fact, | 
am still of opinion that it would pay us to reduce the pres- 
sure to about 300 pounds, thereby superheating it and rais- 
ing its efficiency. 

Induced Draught.—One of the most pronounced losses of 
the modern boiler lies in the fact, that to obtain a good 
combustion you have to maintain a smoke-pipe tempera- 
ture of say 600° F. This heat, apart from the fact of its 
maintaining a good draught, is completely lost, so far as the 
generation of steam is concerned. With induced draught this 
factor becomes eliminated, as the smoke-pipe temperature 
is then of small importance. You could therefore absorb 
this heat by passing it first through a superheater and 
then through a large feed heater; raising your feed, prob- 
ably, to the temperature of the boiler. The only work the 
boiler would then have to do would be to supply the heat 
necessary to set the vapor free, or what is known as the 
latent heat. 

Mr. Howden claims by his plan to have effected an 
economy approaching the marvellous. That the figures he 
published are accurate is to be doubted ; but that the results 
he obtained are satisfactory is beyond question; and there 
can be no doubt whatever that by heating the air supplied 
to the furnace by means of the waste heat of the chimney, 
and by forcing it into the furnace under a pressure equal to 
one inch of water, a more perfect and complete combustion 
can be obtained than by ordinary conditions, and that the 
economy resulting therefrom must be considerable. There 
still remains the fact, however, that even with this system 
a quantity of heat, somewhat less to be sure than would be 
under natural conditions, still goes off into the atmosphere, 
owing to the very limited capacity of air to absorb heat. 
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Scientific engineers are, however, looking beyond the 
mere question of how best to burn coals. They are looking 
to what may be termed the fuel of the future; that is, 
petroleum or natural oil. This valuable material is being 
found in all parts of the world, and the only thing that 
astonishes me is that its introduction is so slow. Russian 
steamers on the Volga and Caspian have long used, with 
the utmost success, the waste products resulting from the 
manufacture of petroleum. 

Weight for weight, this refuse is capable of producing 
twice as much steam as coal can produce. It is easily 
stored, and practically occupies less space than does coal ; 
it emits no smoke; it is easily regulated, and it requires the 
least possible amount of attention. 

Here then is a picture for us engineers to contemplate. 
Imagine the Lucania fitted up with a series of multitubu- 
lar boilers, with a system of feed heating reducing the 
smoke-pipe temperature to a minimum and raising the 
feed-water to a temperature equivalent to that of the boiler, 
and using petroleum asa fuel. Now, here would undoubt- 
edly result a saving in weight carried, for one ton of oil 
alone is about equal in effect to two tons of coal, and the 
weight of the boilers would be reduced. There would also 
be a considerable saving in the cost of labor for running 
the machinery, and, assuming the cost of creosote per ton to 
be about the same as coals, the fuel bill would be reduced 
by about one-half. Taking the amount thus saved in 
weight and cost, and expending it in larger and more power- 
ful machinery, I see no reason why, in the near future, with 
a properly constructed ship, we should not cross the Atlantic 
at an average speed of twenty-five knots or more. 

Progress in ship-building is not of necessity so rapid as 
that in engineering, and is seldom marked by radical depar- 
tures. We find perhaps some one with more enterprise than 
his neighbors who will build a larger and faster vessel than 
usual; but a ship of a new form or of new material is sel- 
dom heard of. We do find, however, that although the forms 
change but slowly, and although the materials of which 
they are built remain practically the same, the speed of our 
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ocean-going steamships is steadily advancing, viz: from 
eighteen to nineteen and twenty knots per hour. 

We have seen the steam launch of seven and eight knots 
develop into the torpedo boat of twenty and twenty-five 
knots per hour. But the mercantile cargo boat of to-day is 
of pretty much the same character as was her predecessor 
of twelve years ago. | 

That the electric light has taken fast hold of the mercantile 
and of the naval marine is not to be wondered at. Its safety, 
cleanliness and absence of smell and of foul air is of the 
utmost advantage to those whose home is limited to a nar- 
row cabin; the long nights are thus deprived of one-half 
their wearisomeness and terror to the passenger by its 
means. ‘The convenience of being able to start mast head- 
lights and side lights by the mere turning of three small 
buttons is apparent. Inthe engine-room it lightens the 
monotony of the weary watcher and enables him to make 
use of his eyes to a much greater extent than is possible 
with the ordinary means of illumination. 

Steel castings can now be had of any size, form or weight, 
and it is price alone that prevents their complete substitu- 
tion for iron ones; but that energy and enterprise which 
have enabled our manufacturers to provide us with steel 
plates at such a price as to supersede those of iron, will, ! 
have no doubt, surmount their present difficulties, and I am 
confident that we may safely look forward to the time 
when we shall get steel castings at such a price as will 
enable them to supersede cast iron for most purposes. 

The commercial depression has, I hope, reached its low- 
est point, and there are now signs, I am glad to say, of its 
lifting and, I hope, eventually disappearing. When the 
dawn of prosperity breaks upon the ship-owner, we may hope 
that the ship-builder and engineer will soon feel the effects 
of it, and that once more our now idle machinery may be 
supplied with work, and busy brains find remunerative 
employment. 

This address would hardly be deemed complete without 
some slight allusion, however incomplete, to the most colos- 
sal undertaking of the present century, namely, the World's 
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Fair. Here we have a collection of machinery the like of 
which have never before been seen under one roof. Electric 
generators of 2,000 horse-power, the Ferris wheel, the 
buildings themselves, all are triumphs of engineering skill. 

From a spectacular point of view it stands unrivalled. 
The Rev. W. H. Stead, in his description, speaks of it as 
follows: “I have seen no picture of the abode of the blest 
which comes near to it in its serenity, its suggestion of the 
invisible holiness, its atmosphere of bliss. That it would 
have given ‘points’ to the writer of Revelations, had he 
seen it, was a remark which scarcely seemed profane in 
the presence of that mystic spectacle. Precious stones do 
not appeal to us Westerners as they do to Orientals, and for 
my part I prefer the white glory of the Hellenic architecture, 
transfigured by the electric light, to the blaze of all the jew- 
els with which the gorgeous imagination of the East could 
deck the battlements or pave the streets of Paradise. Until 
I see the walls of the New Jerusalem itself, 1 never expect 
to see a dream of more exquisite loveliness than this.” 

I trust I have not wearied your patience by travelling 
over so much ground. I have given you many subjects for 
reflection, and, I hope, not a few on which you may favor 
us with a paper, and I trust that the session, as regards the 
number and interest of the papers that will be read, may be 
a success. 


BOOK NOTICES. 


lhe Chronicle Fire Tables for 1893. A record of the fire losses in the 

United States by States and Territories during 1892, etc. New York: 

The Chronicle Company, Limited. (Price, $5.) 

This valuable and extensive collection of fire data (now in its eighteenth 
year) presents its last annual tabulations in 360 pages, royal 8vo, with the 
usual excellence in all respects. The need for this kind of information, espe- 
cially to fire insurance companies, was never more evident than now, when 
the fire losses in the United States during 1890, 1891 and 1892 are shown 
to have been, respectively, $100,000,000, $144,000,000 and $151,500,000. 
The situation is becoming every year more serious and alarming. The 
plan of the work insures accuracy, as nearly as attainable, and since adjust- 
ments and estimates of losses are obtained always several weeks after occur- 
rence of fires, exaggeration of losses is avoided. 
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The work opens with general information respecting the fires, and an 
analysis of causes, referring in detail to the most important, while showing 
the distribution of losses in the geographical divisions, also the average 
loss per fire, losses by exposure during the past eight years and fires 
caused by electric wires or lights in the period 1885-92, inclusive. The last- 
named cause is shown to have increased the losses from $254,595 in 1885, to 
$2,966,536 in 1892. The main tabulation gives an alphabetical list of classes 
of risks, ranging from agricultural implement factories to whalebone and 
rattan factories, including warehouses of various kinds, separately stated 
Here are given, besides the name of the class, the number of fires, property 
loss, insurance loss and the causes of fire, with number of fires to each cause. 

Similar tabulations show the fire losses in each State and Territory during 
1892, also by classes of risks. Another extensive analysis shows the fires 
by causes, such as accidents, ashes, hot coals, with the number of exposures, 
property loss, insurance loss, insurance loss by exposure and the character 
of the property burned. This is much like a reversal of the main tabula- 
tion, giving views from a different standpoint, thus emphasizing the informa- 
tion. There is, at p. 247, a summary of losses from all causes in detail, fol- 
lowed by a showing of the various risks burned in the United States in the 
eighteen years, 1875-92, by principal classes; then monthly losses by fires 
in 1892, and much other fire data which we have not space to mention. 

This admirable work shows no diminution of its remarkable energy, 
clearness and evident correctness. No fire insurance company should be 
without it, nor any lawyer, for the latter have frequently to manage cases 
influenced by fires. It is generally believed (whether correctly we cannot 
say) that times of financial stringency cause a large increase of incendiary 
fires. To appreciate rightly this cause of fires and its extent, is now of 
much importance to legal and business men. 

The Chronicle Fire Tables form a wonderful compendium of fire data, 
without an equal in the world; and as a condensed history of fire losses 
and causes of firg during the past eighteen years (and to be continued for 
all coming time, let us hope), its value to society and general business 
is simply incalculable. N. 


Continuous Current Dynamos and Motors: Their Theory, Design and Test- 
ing. With sections on Indicator Diagrams, Properties of Saturated Steam, 
Belting Calculations, etc. An Elementary Treatise for Students. By 
Frank P. Cox, B.S. New York: The W. J. Johnston Company, Limited, 41 
Park Row (7Zimes Building). 1893. 271 pages. Ejighty-three illustra- 
tions. (Price, $2.) 


This work, intended for students, treats of the theory of continuous cur- 
rent dynamos and motors as understood and practised in the designing room, 
and the methods of testing described are those of the factory testing room. 
The practical side of various questions treated is always kept in view, discus- 
sions having little bearing in this direction being excluded, as are also the 
descriptions of different machines and systems which are occasionally used 
as padding to fill out the pages of similar treatises. 
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The first four chapters present a brief review of the electrical units and 
the general principles of the machines, and may be considered as an intro- 
duction to the subsequent portions; the higher branches of mathematics 
have been avoided here, as elsewhere. Chapter V is on calculations pertain- 
ing to the magnetic circuit. Chapter VI treats of the theory of windings, 
losses, etc., and Chapter VII of the special points to be observed in design- 
ing motors, 

In Chapters VIII, IX and X, the application of the principles developed 
in the preceding chapters to the design of armatures, field magnets and 
motors, is explained by reference to numerical problems selected with the 
object of covering as broad a field as possible, and of showing in what man- 
ner to make the various compromises always found expedient or necessary 
in practical designing. 

In Chapter XI and XII, the methods of testing completed machines and 
investigating their characteristics and the effect of various changes in design 
and operation are fully discussed and illustrated by numerous curves. 

As the steam engine, and its efficiency have an ultimate relation to the 
efficient operation of dynamos and motors, the last two chapters are devoted 
to the subjects of indicator diagrams and steam-power calculations, which 
are treated in the same eminently practical manner as the electrical portion 
of the work. There are four appendices treating of physical tests of irons, 
ampére time tables, determinations of sizes of wire for armatures and field 
coils, and on the calculation of belt driving. 

The engravings appear to be new, and nearly all of the numerous curves 
are said to be reproductions of those obtained in actual commercial tests. 
The book is a valuable addition to electrical literature. Ww. 


Franklin Institute. 


[Proceedings of the stated meeting, held Wednesday, November 15, 1893.) 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, November 15, 1893. 


Mr. Joseph M. WILson, President, in the chair. 


Present, 126 members and twenty-four visitors. 

Additions to membership since last report, twenty-four. 

The Actuary reported the following resolution, adopted at the stated 
meeting of the Board of Managers, held Wednesday, November 8, 1893, viz: 


Resolved ; that in view of the facts, that the general feeling of those who have been 
spoken to on the subject is that the probability of a financially successful exhibition 
being held at the present time is doubtful, and that the Institute in its present financial 
con“ tion can assume no risks, and would therefore be obliged to obtain a large guar- 
anty fund to guard it against loss, which fund, in the present depressed condition of 
business, it is feared, would be very difficult to obtain ; and, further, that the question 
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of location and buildings essential for success forms a serious obstacle —therefore, it is 
the sense of the Board that it is not advisable to attempt to hold an exhibition in t\e 
year 1894. 


The resolution was accepted. 

Mr. C. John Hexamer concluded his descriptive account of the World's 
Fair. 

Mr. David Branson read a paper on the subject of “ Refrigeration from 
Central Stations,” with special reference to the system of the International 
Cooling Company of New York, which has been for several years in suc- 
cessful operation in the cities of Denver, Col., and St. Louis, Mo. The paper 
was illustrated by a number of lantern views, exhibiting the details of the 
pipe line, service pipes, interior distribution, etc. (Referred for publication.) 

The Secretary read a brief paper, communicated from London, England, 
by Mr. F. E. Ives, discussing the claims and merits of certain improvements 
made by the brothers Lumiére on Professor Lippmann's method of color 
photography. (Referred for publication.) 

The Secretary, in his monthly report, apropos to Mr. Ives’ paper, gave some 
account of recent progress that had been made in the solution of the problem 
of photography in color. He referred also to the admirable record made by the 
Intramural Elevated Electric Railway in the World's Fair grounds. This 
road, under conditions of extreme severity, had given smooth, regular and 
punctual service during the entire period of the Fair, during which time it 
had carried more than 6,000,000 paying passengers without a single accident. 
While the data of the cost of its operation were not yet available, he believed 
that it would compare very favorably with those of the elevated steam roads in 
New York and elsewhere, while in respect of freedom from smoke, and the 
dropping of ashes, sparks and oil, it exhibited decided superiority. 

Under the head of new business, the question of the advisability of holding 
an exhibition of type-writing machines was, on Mr. Eldridge’s motion, 
referred to the Board of Managers for consideration. 

Adjourned. Wm. H. WaARL, Secretary. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


H. L. BALL, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 
For APRIL, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, April 30, 1893. 


GENERAL REMARKS. 


With this issue the State Weather Service begins again its monthly 
review, following the form adopted when the Service was first organized in 
i887. The review was regularly issued in printed form until May, 1891, 
when it was discontinued for want of funds. After that and until the present, 
the data collected by the observers were published by a duplicating process, 
which, though laborious and utterly unfitted for that purpose, was the best 
at hand, and served little more than to preserve the summaries of the obser- 
vations taken, in the hope that eventually they could be printed in a form 
suitable to the many purposes for which designed. If possible, the reviews 
issued by duplicating process will be printed in the usual form. 

A series of charts, showing by isothermal lines the normal temperature of 
each month, will begin with April, and be continued through the year. 
These isotherms were drawn by an expert, under the direction of the Chief 
of the United States Weather Bureau, from all available data, extending 
from the earliest known records down to and including the year 1892. 

The normal temperature of Pennsylvania for April is about 48°o, and 
the normal precipitation, 3°27 inches. The temperature of the current 
month was slightly below the normal, The rainfall was unequally dis- 
tributed, but was above the normal at all the stations. 

From January 1, 1893, to April 30, 1893, the deficiency in temperature at 
Philadelphia was 306°, at Erie 356°, and at Pittsburgh 274°. 
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For the same period the departure in precipitation was, at Philadelphia, 


an excess of 1°86, Erie 1°28, and Pittsburgh 1°63 inches. 


Mean Mean 
Temperature. Precipitation 

Inches. 


TEMPERATURE. 


The mean temperature for April, 1893, was 47°°6, which is 0°'4 below the 
normal, and 0°°6 above the corresponding month of 1892. 
_ The mean of daily maxima and minima temperatures, 57°°6 and 37°°8, 
gives an average daily range of 19°°8, and a monthly mean of 47°7. 

Highest monthly mean, 53°°5 at Altoona. 

Lowest monthly mean, 40°'1 at Wellsboro. 

Highest temperature recorded during the month, 85° on the 8th at 
Johnstown. 

Lowest temperature, 16° on the 16th at Columbus. 

Greatest local monthy range, 58° at Hollidaysburg. 

Least local monthly range, 38° at Harrisburg. 

Greatest daily range, 51° at Hollidaysburg on the 3d. 

Least daily range, 1° at Blue Knob on the 7th and at Aqueduct on the 


15th and 2oth. 
BAROMETER, 


The mean pressure for the month, 30°04 is about ‘oq above the normal. 


At the United States Weather Bureau Stations the highest observed was 
30°51 at Philadelphia on the 6th, and the lowest, 29°40 at Erie on the Ist. 


PRECIPITATION. 


The average precipitation, 4°74 inches for the month, is an excess of 1°50 
inches. The largest totals in inches (including melted snow) were Clarion, 
691; Confluence, 6°37; Blue Knob and Pottstown, 6°20, and Uniontown, 
611 inches. The least were Reading, 2°95 ; New Castle, 3°09; Wilkesbarre, 
3°27; Bloomsburg, 3°34, and Altoona, 3°48. 

The largest monthly snowfall totals in inches were Le Roy, 7°0; Blue 
Knob, 6°0 ; Meadville and Dyberry, 5’0 inches. 


WIND AND WEATHER. 


The prevailing wind was from the West. 
Average number: Rainy days, 14; clear days, 7; fair days, 10; cloudy 
days, 13. 


MISCELLANEOUS PHENOMENA, 


Thunder-storms,—Blue Knob, 7th, 8th, 12th, 20th, 29th, 30th ; Hollidays- 
burg, 7th, 20th, 30th; Le Roy, 8th, 20th, 21st; Quakertown, 7th, 8th, 14th; 
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Johnstown, 7th, 8th, 12th, 20th, 30th ; Emporium, 7th, 8th, 2oth ; East Mauch 
Chunk, 7; State College, 7th, 8th, 2oth, 30th; Coatesville, 14th; Kennett 
Square, 14th; Phoenixviile, 14th; Grampian, 20th; Lock Haven, 2oth ; 
Meadville, 7th, 8th ; Saegertown, 7th, 8th; Harrisburg, 8th, 2oth ; Swarth- 
more, 14th ; Chambersburg, 7th; Huntingdon, 7th, 8th ; Kilmer, 7th, 8th, 
2oth, 21st: Lancaster, 14th, 20th; New Castle, 13th, 15th, 20th, 3oth; 
Lebanon, 8th ; Coopersburg, 7th, 8th, 14th; Smethport, 7th, 8th ; Shippack, 
14th; Aqueduct, 7th, 8th, 17th, 21st, 30th; Philadelphia, 7th, 14th ; Centen- 
nial Avenue, 7th, 14th; Locust Street, 14th; Selins Grove, 7th, 8th, 17th, 
i8th, 20th, 30th ; Somerset, 7th, 8th, 12th, 20th, 29th, 30th; Wellsboro, 7th, 
8th, 17th, 20th; Easton, 30th ; Lewisburg, gth, roth, 17th, 30th ; Columbus, 
7th, 8th, 20th, 22d; Dyberry, 18th; South Eaton, 8th, 21st York, 14th, 
20th. 

Hail.—Blue Knob, 7th, 20th, 22d, 30th; Hollidaysburg, 7th, 20th ; Johns- 
town, 23d; Emporium, 7th, 2oth; Kennett Square, 7th; Grampian, 2oth ; 
Meadville, 7th ; Saegertown, 7th, 8th ; Lancaster, 7th ; Lebanon, 7th ; Girard- 
ville, tst, 23d; Somerset, 30th; Wellsboro, 7th; Dyberry, 8th, 15th, 2oth, 
23d; South Eaton, 7th, 20th, 22d; Eaton, roth; York, 7th. 

Snow.—Blue Knob, 15th, 17th, 21st, 22d, 23d; Hollidaysburg, 22d; Le 
Roy, 6th, 7th, roth, 20th, 22d; Quakertown, 7th, 1oth ; Johnstown, 15th, 22d, 
23d; Emporium, 7th, t5th, 22d, 23d; State College, 7th; Coatesvillle, 7th ; 
Grampian, 15th, 22d, 23d ; Lock Haven, 7th; Bloomsburg, 7th; Meadville, 
isth, 21st, 22d, 23d; Saegertown, 15th, 22d; Carlisle, 7th; Chambersburg, 
22d; Kilmer, 7th; Lancaster, 7th; New Castle, 15th, 22d; Lebanon, 7th; 
Drifton, 7th; Wilkesbarre, 7th; Philadelphia, Centennial Avenue, 7th; 
Girardville, 7th; Selins Grove, 22d ; Somerset, 22d; Dyberry, 6th, 7th, 17th, 
20th ; Honesdale, 7th, 20th. 

‘rost,—Pittsburgh, 2d, 15th, 16th, 22d, 23d; Hollidaysburg, 2d, 3d, 18th, 
ioth ; Quakertown, 11th, 19th, 22d, 23d, 24th ; Emporium, 2d, 5th, gth, 16th, 
igth, 26th; East Mauch Chunk, 26th; State College, 2d, 6th, 18th, 19th; 
Coatesville, 24th; Grampian, 3d, 11th, 18th; Lock Haven, 16th, 18th, 24th, 
26th ; Bloomsburg, 3d; Meadville, 2d, sth, 6th, 7th, gth, 11th, 14th, 15th, 
16th, 18th, 19th, 23d; Saegertown, 2d, 5th, oth, 11th, 15th, 17th, 18th, 19th, 
22d, 24th ; Chambersburg, 2d, 3d, 7th, 16th; Huntingdon, 1st, 3d, 16th, 18th, 
24th ; Kilmer, 16th, 18th ; New Castle, rst, 2d, 3d, 5th, 11th, 15th, 16th, 17th, 
i8th, 1gth, 22d, 23d, 24th; Lebanon, 18th; Aqueduct, 18th, rgth, 22d, 24th ; 
28th ; Coopersburg, 7th, 26th ; Philadelphia, 24th ; Centennial Avenue, 24th, 
Girardville, rst, 3d, 5th, 6th, 7th, 8th, 11th, 12th, 13th, rgth, 16th, 17th, 
18th, 1gth, 20th, 21st, 22d, 23d, 24th, 26th, 28th; Columbus, 2d, 5th, 6th, 
7th, oth, rith, 1§th, 26th, 17th, 18th, 19th, 23d, 24th, 26th, 28th; Easton, 
9th; York, 16th, 19th, 24th. 

Corone.—Emporium, 24th, 25th; Lebanon, 23d, 24th, 27th, 28th ; 
Dyberry, 24th ; York, 1st. 

Solar Halo.—Le Roy, 11th, 13th, 14th ; Saegertown, ist, 6th ; Harrisburg, 
28th; Philadelphia, 6th, 11th, 17th, 19th; Centennial Avenue, 6th, 11th; 
Wellsboro, 28th ; Lewisburg, 16th, 28th. 
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Lunar Halo.—Lock Haven, 29th; Meadville, 2d; Carlisle, 24th, 28th 
Lancaster, 22d, 24th, 28th, 29th; Lebanon, 28th; Philadelphia, 22d; Cen- 
tennial Avenue, 22d, 24th, 28th; Selins Grove, 21st; Wellsboro, 24th - 
Dyberry, 24th; York, 24th. 

Meteors.—State College, 13th; Meadville, 5th, 8th, 15th, 18th. 

Parhelias.—Le Roy, 16th, 28th. 


LIST OF DISPLAY STATIONS. 


Dsplayman, Station. 
United States Weather Bureau, ..... . . Philadelphia. 
Pennsylvania Railroad Company, . i: 
Continental Brewing Company, ..... . 

Reading Railroad Company, ....... ; “ 
Baltimore and Ohio Railroad Company, . . . - 

Samuel Detrich, . . . Greencastle. 

R. H. Thomas,. . . Mechanicsburg. 
J. A. Elliot, . Mansfield. 
Chas, Petersen, . Honesdale. 
. Montrose. 
Frank Loomis, . . Troy. 
Reporter Journal, ...... . Towanda. 
Monterey Hotel, . . Blue Ridge Summit. 
Lerch & Rice, . . Bethlehem. 

Wm, 0. Healy; . . Hamburg. 
; . Kutztown. 
Report Publishing Company, ........ Lebanon. 

Knowles Croskey, . Phoenixville. 

F. L. Strowd, . Dallas. 


A. W. Sims, 


. Mt. Union. 


Displayman. 
A. M. Williams, 
J. P. Welsh, 
W. N. Hurlbut, 
W. M. Berry, 
Postmaster, 


B. W. Dambly, . . 


I. R. Cassel, . 
R. R. Paxon, 


E.A.Pennock,.... 


John Bowen, 


Hanover Silk Company, 


Geo. Wheeler, 


A. B. Garth & Co.,. . 


H. H. James, 
E. E. Cramer, ... 
G. S. Tinsley, 
Parker & Co., 
G. W. Smith, 
D. G. Martin, 


G. W. Beindla,... .. 


G. W. Lewis & Sons, 


W.N. Wilmerton, 
Brennan & Davis, 
J. H. Apple, 

C. L. Peck, 

F. J. Burgoon, 

P. S. Weber, 

T. B. Lloyd, 

S. H. Miller,. . 


E. W. Merrill, 

F. P. Thompson, 
L). Schroy, . 

H.P. Brown, . « 


J. C. Pearce & Sons, 


Powell Brothers, 


Armstrong & Brownell, 


J. H. Fones, 
C. N. Jeffreys, 
H. A. Stoke, 
H. S. Blachly, 
L. H. Gabler, 
R. H. Mead, 


Station, 
Uniondale. 
Bloomsburg. 
Westfield. 
Pittston. 
Jenkintown. 
Skippack. 
North Wales. 
Lahaska. 
Chatham. 
Allentown. 
Hanover. 
Doylestown. 
Mill Hall. 
Parsons. 
White Haven. 


. Wrightsville. 
. Oxford. 


Waynesboro. 
Martindale. 
Unionville. 


. Stony Point. 


Atglen. 


. Dallastown. 
. Chester. 
. Bradford. 


Clarion. 
Coudersport. 


. Cresson. 
. DuBois. 


Emporium. 
Greenville. 


McConnellsburg. 


North East. 
Oil City. 
Rice’s Landing. 


. Rochester. 


Saltsburg. 


. . Shadeland, 
. Smethport. 


Tionesta. 
Addison. 
Reynoldsville. 
Waynsburg. 
Greensborough. 
Wilcox. 
Brockwayville. 


5 
2 
| | | 


Displayman. 
J. L. Hunter, . 
Thomas Lynch, 
Fire-brick Works, 
J. C. Blair Company, . 
M. B. Kingsbury, . 
Jno. Dauberman,. ... . 
Wm. Finch, 
C. F. Thayer, . 
C, La Rue Munson, . 
J. B. Robinson, . 
A. M. Treadwell, . 
J. L. Coffey, 
Ajax Iron Works, 
F. L. Sheppard, 
G. W. Klee, 


United States Weather Bureau, 


United States Weather Bureau, 
United States Weather Bureau, 


Station. 


. Warren. 
. Venus. 
,OUNT 
. Knox. 
. Scottdale. 
. Clearfield. 
. Huntingdon. 
. Linesville. 
a egheny, 
. Centre Hall. a 
. Pittsfield. 
. Atlantic. 
. Williamsport. tradiord, . . 
bradford, 
. Jamestown. fucks, . . 
bucks, . . 
. New Castle. Cambria, 
. Johnson. 
Corry. otre, on 
. Altoona. 
. Chambersburg. ester, . 
Erie. ster, 
. Harrisburg. earfield, . 
Winton 
. Pittsburgh, (lumbia, 
Crawford, 
wiord, 
nberland, 
iphin, 
aware, 
yette, 
anklin, 


funtingdon, . 
bdiana, . 


lata, 
mancaster, . 


lawrence, . , 


tgomery, . 
rthampton, 


adelphia, 
adelphia, . . 
philadelphia, . . 


stmoreland, . 
tmoreland, , 


A, Observatic 


ebanon,. . . 

high, 

. « 

. . . 

McKean,. . 

gomery, 
Rhuylkill, . 
der, 
omerset, 
aren, . 
dayne, 

ne, 


MontTHiy SuMMARY OF REPORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHE 


County. 


rks, 
erks, 
Bair, 
air, 
adtord,. . « 
adford, 
BS, 
ibria, eee 
ameron,. 
arbon, 
Bye, . ee 


ester, 

earfield, 
vinton, 
(olumbia, 


Crawford, 


(awford, 


| Meadville— 


nberland, . ee at 


Dauphin, .... 
Veiaware, .. 


ayette, 


funtingdon, . . . 


tgomery, 
tge ymery,. 
rthampton, . . 


adelphia, . 
adelphia,. . . 
hiladelphia,. . . 


. 


yne, 
stmoreland, . 
tmoreland, ee 
YOMINg, 


eee 


A, Observations taken at 8 A. M. and 8 P. M. 


| Selins Grove, A, 


| Columbus, . . . 


| York, A, 


Hollidaysburg,! ...... 
Forks of Neshaminy,! ‘ 


STATION. 


Hamburg, 


Kmyorium, A, . 
State College1— 

Agricultural Experiment Station, 
Coatesville! ... 
Kennett Square, A,2 ..... 
Pheenixville, A, 
Westtown, 
Grampian,*! 
Bloomsburg, A— 

State Normal School,..... . 


Divinity Hall,} 
Saegertown,A,..... 
Carlisle)... 
Harrisburg, A, 
Swarthmore, A— j 

Swarthmore College, ..... . 
Edinboro,*! 
Uniontown,’ ...... 
McConnelisburg,! 


Huntingdon, A— 

Indiana— 

State Normal School,. .... .| 
Kilmer,® . . 6.0 


Lanc aster, A— 
Franklin and Marshall 
New oe 
opersburg,! 
Wilkes-Barre, A, . . 
Smethport (29 days), A 
Skippack, A (23 days), 
Eastoni— 
Lafayette College, 
(Aqueduct) 


. 


J.5, Weather Bureau, A, .. . 
1529 Centennial Avenue, A, Rin 
Locust Street, A, 

looming Grove, «i 
Girardville,! 


Somerset,! 
Wellsboro,*! 
Lewisburg, A, 


Dyberry,! 
Honesdale,! . 
Corners) ‘Hamlinton,! 
Immel Reservoir) Lycippus, * 

Ligonier (25 days), 
South Eaton, A, .s.. 


Elevation above Sea 
Level (feet). 


B, Observations taken at 12 Noon. 


Barometer Repucep TEMPERATURE. 
To Ska EL. 
Maximum. Minimum, | 
| | : 
x 3 3 | 4 | 3 = 5 
| | 
30°02 30°31 29°51 514 80 8 32 2, 16 | 60°3 | 42°5 17°8 | 37 
eee 46°2 76 28 2,24 | 30°3 13°38 | 31 
49°38 84 8 26 3 61°3 | 5x 
eee eee 42°1 68 4 26 26 | 32°9 2 | 
30°10 | 30°55 | 29°67 47° 4 28 3 | $86 37°4 ere | 37 
30°09 | 30°36 | 29°53 49" 8 30 16 | 60°3 39°4 20°9 | 46 
cee 46"4 73 13 22 1 | §7°4 35°4 22°0 39 
% 70 4 28 | 36°3 20°6 36 
30°00 | 30°39 | 29°48 46°3 78 8 29 11 56°6 36°7 9°9 | 41 
30°05 | 30°48 | 29°51 49°3 76 4 32 7 | 387 4u'1 176 | 32 
oss eee 49°7 79 4 31 3, 24 61°2 | } 37 
30°06 30°47 | 29°65 50°7 77 4 | 33 
cee 44°2 4, 29 28 52°4 37°2 15°2 32 
47'S 79 27 35°6 23°9 43 
| 
29°93 | 30°31 | 29°48 75 4 2 | | 573 38°6 18°7 37 
| } | 
| 75 8 23 | 16 34°5 22°5 40 
‘le 45°2 74 8 24 17 | 558 34°6 21'2 38 
“ay 47°3 7 4 32 3, 16 | 59°9 38°5 | 41 
30°06 30°44 | 29°57 48°6 7 9 33 15°0 32 
30°03 | 30°34 | 29°s6 | 76 35 | 433 | 168 | 32 
29°99 30°35 29°40 40 | 76 8 25 21 53°0 36"0 1770 | 
eee oo | | 83 8 29 16 59°3 43°8 15°5 34 
| 49°2 | 82 8 27 3 61°38 | 367 | 46 
| j | 
| 
30°06 | 30°44 | 29°26 | | 8 | 40's | t7'9 37 
50°7 78 8 24 | «16 | 35° | 22°9 45 
go'og | 30°45 20°55 | 77 4 39 833 58°3 | 37°8 20°5 36 
| 47°7 72 57°7 39°0 18°7 33 
| 30°33 | 29°61 43°77 | 72 4, 8 32°3 22°8 41 
| 77 4 28 3 62°4 35°6 26'8 39 
72 13 18 11 53°38 | 310 22°8 42 
} 77 2,4 | 37 59°7 38°3 21"4 39 
i | 
50°5 | 48 | 31 24 59°4 | 42°0 37 
30°06 | 30°50 | 29°57 508 | 75 4 34 7 58°9 | 42°8 31 
30°06 | 30°51 | 29°58 4 34 7 60°5 42°9 17°6 30 
| 29 34 | 7 60°7 42°0 18°7 33 
3°00 | 30°34 29°48 40°2 +42 56°8 36°2 20°6 
30°07 | 30°42 | 29°70 | 49°3 | 74 | 18,28/ 30 24 | 23°9 36 
44°4 80 3, 8 27 | 16 538°3 36°6 21°7 48 
30°03 30°34 29°25 47°2 28 7 | 36's 21"4 42 
| 16 16 54°0 34°0 20°0 40 
Pera 68 26 52°2 | 33°9 18°3 30 
ewe 47°5 83 8 | 29 10 | 22°7 41 
| 46"1 74 | 4 28 7, 19 562 | 20°2 34 
30°38 -29"52 81 8 30 24 60°8 | 20°8 39 


* Extremes from dry thermometers. 


4 Mean temperatures, 7 + 2 +9 +9 + 


Dairy 


a 3 a 
7 8 14 
8 2 2, 30 
5 10 26 
3 
3 4 19 
3 6 20, 26 
1 15, 25 
8 4 7, 20 
8 7 20 
1 8 10 
1 to, 30 
8 | 
ry 
3 2 10 
28 5 15 
3 8 15 
5 7 22 
28 7 10, 12 
8 2 10 
1 3 10 
3 4 6, 26 
3 25, 26 
1 4 26 
5 6 14 
28 12 
t, 3 5 10 
8 6 ar 
3 8 15 
3 4 15 
I 2 20 
3 3 10 
4 6 7 
28 1 15, 20 
1 3 20 
1 11 10, 19 
I 8 20 
8 8 7 
3 5 26 
28 2 12, 20 
28 7 12 
16 4 14, 22 
3 6 7, 12 
3, 28 3 20 
24 2 29 
7 4 15 
28 
8 2c 


2 Mean of 8 + 8 + 2. 


E 

3 
= 
= 
74°4 42°8 
An 
« 
37°8 | 
72°7 37°4 
69"0 38'5 
78°3 43°0 
36'9 
76'5 43°3 
3 40'S 
78°0 37°0 
| 35°0 

76'0 43°3 
78'0 
71°4 
39°4 
70°8 30°4 
| “gars 
75°6 42°5 
6;'0 29°0 
| 


Total Inches. 


’Meanof74+7+2 


— 
| 
| 
= 
| 
494 
— — 2°95 
820 3°45 
gheny, . « . 380 6°20 
280 5°22 
1,181 
2,500 419 
5°66 
1,490 5°44 
394 421 
3°92 
| 
1,050 5°13 
| ss 5°02 
5°50 
1,191 4°55 
455 5°24 
« 6 35° 
eee 1,45° 
2.6 | 5°30 
| 4°43 
1,200 
1,200 
480 5°51 
361 
190 
1,400 4°49 
681 4°61 
1,000 
618 4°61 
875 | 
1,350 | 5°07 
475 3°09 
lancaster, .... 413 407 | 
932 4°63 
lawrence, .... 458 3°27 
banon,. . 520 4°60 
& #6, 1,683 6°20 
. « 150 3°86 
4°13 
447 
367 5°71 
‘ 117 371 
: 120 3°58 
4°64 
5°46 
| 1,000 5°38 
alon, 0,480 £35 
ar eae 1,100 5°87 
a 1,000 5°52 
1,600 3°53 
1,420 4°37 
1,750 
660 
j 8 | 


RTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR 


TEMPERATURE. 
Minimum. | 
| 
| 
| wh | wg 
a| 
4/2) 
| 
32 2,16 | 60°3 | 42° 
29 | 57°99 | 388 
36. | 16,94| 626 | 44% 
28 2,24 | 39°3 
26 3 | | 
30 16 | 60°3 | 39% 
22 I | 57°4 35°4 
28 3 | 36°3 
29 I 56°6 36°7 
32 27 | 387 
31 3, 24 61°2 39°! 
28 6| 37°2 
27 25 | 59°S | 35% 
32 5,11 573 | 38°6 
23 16 | §7°0 34'S 
24 17 | 34°6 
32 3,16 | 59°9 38's 
33 56°: | 
35 7 43°3 
25 21 36 ° 
29 16 59°3 43°8 
30 ‘3, 18 38 ° 
27 3 36°7 
35 7 
32 7 | 40°5 
24 16 | 58°97 35°83 
30 23 58°3 37°8 
3° 3 57°7 39°° 
24 7 32°3 
28 3 62°4 35°6 
18 II 53°8 310 
35 3 59°3 43°° 
30 3, 7 59°7 | 38°3 
31 3 5699 | 
24 59°4 42°0 
34 7 58°9 42°8 
34 7 60's 42°9 
34 60°7 42°0 
31 3 : j 56°38 36°2 
30 24 61°3 37°4 
27 16 58°3 36°6 
25 19 49°4 
28 7 57°99 | 36's 
16 16 54°0 34°0 
22 3, 26 51°3 32°9 
25 26 52°2 33°9 
28 7 | 49°7 35°3 
27 10 36'5 
28 7, 19 56°2 36°0 
30 24 | 
1ometers. 


Dairy 


| 
j 
37 7 5 14 
35 8 ‘ 2, 30 
3 1 7 
51 3 8 25 
10 
46 3 | 6 20, 26 
39 15, 25 
36 7, 20 
41 8 7 20 
32 I 8 10 
37 9 To, 30 
43 | 3 2 
| | 
38 5 
41 28 7 | t0, 352 
32 1 3 10 
34 3 4 6, 26 
46 | a 25, 26 
| 
37 4 26 
45 5 
36 28 
33 t, 3 5 10 
41 8 6 a1 
8 15 
4 15 
2 20 
3 | 3 | 
37 | +2 1 15, 20 
1 3 20 
33. 8 20 
36 eee 8 7 
4 | 3 5 26 
2 12, 20 
42 28 | 7 12 
4° 16 4 14, 22 
35 3 6 7, 42 
3° | 3 28 3 | 20 
29 
7 4 15 
34 28 6 12 
39 8 | 5s | 2 


1 Mean temperatures, 7 ++2+9+9+4 2 Mean of 8 + 8 + 2. 


; | 
= 3 | @ 
| 3 
| 3 
j 
| = 
74°4 42°38 4°94 
4°53 
coal 
eee | Oso 
5°22 
4°19 
5°66 
5°44 
| 378 | 
ee 3°92 
| 374 | 5x3 
‘o 38°5 
| 
78°3 43°0 5°24 
4°89 
“ee . . | 4°72 


76°5 | 43°3 5°30 
4°43 
3°71 
77°3 40°8 3°67 
37°0 5°51 
75° "3°67 
cee O11 
4°49 
77 4°61 
| 4°61 
5°34 
76'0 | 43°3 5°07 
3°09 
| 39°5 3°67 
83°0 | 4°63 
é 4°60 
40"0 | 6°20 
ees eee | 4°33 
39°4 | 4°47 
70°8 39°4 | 
evel so |} S98 
3°58 
86"1 42°5 4°64 
75°6 42°5 5°40 
5°38 
4°62 
63'0 5°25 
3°65 
oe] eee 3°89 
4°45 
5°87 
5°52 
3°53 
46°9 | 4°37 


8 Mean of 7 + 7 +2. 


PRECIPITATION. 


| 
| 
| 
| 


Ground at 
nd of Month. | 


During Month. 


Depth of Snow 
on 


Total Snowfall 
Number of Da 
Rainfall. 


| 


n 


17 
14 


Absence of numerals inc 


| 
| 
= | 
| 
| 10 
13°38 | 18 
26'1 14 
21‘2 ote ese 14 
| tee | 2 
22"0 | 18 
19'9 | 
176 | cee see | 33 
18°7 | 70"4 3°34 | 
14 
} | | 
15°5 17 
12 
22°9 14 
25"! 
| 
17°9 
22°9 | | 
20°5 | 15 
18°7 16 
22°8 lees 
18°7 ees 11 
17 
16°1 
18°7 cee 15 
20°6 13 
23°9 | 16 
16°3 10 
eee | eee 8 
20°0 eee 16 
14°4 17 
20°2 


ERVICE FOR APRIL, 


Number or Days. 


SIPITATION. 
| 
| 
Zs 
| as a 
| | | ‘a 
= = 
20 7 6 
10 16 
15 
4 10 
14 13 7 
17 7 
14 9 
14 9 | 8 
| 20 3 I 
18 5 1 
15 8 
3 12 
| 13 | 3 
} 12 It | 7 
12 7 
| 13 5 10 
6 12 
| | 
16 2 12 
| 4 9 | 10 
8 10 
4 
coe 4 
17 7 15 
} 12 13 3 
14 8 10 
13 } 
| 
17 2 14 
1 Ir 7 
| 13 3 8 
15 11 7 
| 16 8 8 
10 4 10 
ur 13 5 
14 5 9 
} 12 15 6 
It 4 
11 
17 8 9 
6 10 
| is 8 10 
15 5S | ts 
| 6 | ° 
8 
10 | 5 6 
18 9 7 
16 5 13 
12 3 18 
16 
17 3 14 
14 
17 9 
10 | 8 9 
° ™ | 8 10 


Osservers. 
SE O. D. Stewart, Weather Bureau, 
NW | William Shipe. 
. . | Franklin Yager. 
NW | A. H. Boyle. 
w Prof. J. A. Stewart. 
‘SW | G. W. T. Warburton 
E . C. Hilsman. 
NE 
T. 
w F. C. Wintermute 
Prof. Wm. 
NW . C. Green, D.D.S 
. T. Gordon. 
B, P. Kirk. 
Knowles Croskey. 
Harry A 
Nathan Moore. 


<:< 


NW 
NW 


Winp. 
PREVAILING Direction. 
= 
< 
a 
SE SE 
E NW 
NW | NW 
w Ww 
‘sw | ‘sw | 
Ww | 
NE NE | 
Sw 
E NW 
w WwW 
| NE w i 
NE w i 
E 
SE 
| 
Ww 
E 
SW SW | 
w Sw 
E |} E 
E 
| "NE | "NE 
SW Sw 
w 
wis 
. 
| 
E 
NE 
NW | NW 
NE 
@ 
‘NE | NE 
SW | Sw 
|N.NW|... 
| SW SW 
|; NW | NW 
| Nw | NW 
Nw 
NW 


Prof. J. A. Robb. 
Prof, J. G. Cope. 


Chas. Graves. 
G. Apple. 


. E. Pague. 
F. Ridgway, Weather Bureau, 


Prof. Susan J, Cunningham. 
C. F. Sweet. 

P. Wood, Weather Bureau, 
Wm. Hunt. 


Prof. W. J. Swigart. 


Prof.S C. Schmucker. 
R. J. Mickey. 


W. E. Bushong. 
Wm. T. Butz. 


B. W. Dambly. 


. W. Moore. 

ichard Callin. 
L. M. Dey, Weather Bureau, 
Comly. 

alph L. Paddock. 
Grathwohl. 

C. Wagner. 
Boyer, 
M. Schrock. 

H. Deming 
Prot W. G. Owens. 
Ww. Loveland. 
Theodore Day. 
Torrey. 

B, Orchard, M.D. 

Murray Forbes 

. T. Ambrose. 

. M. Hall. 
Mrs. L. H. Grenewald. 


‘nce of numerals indicates that mean of temperature is from maximum and minimum readings. 


| 
3 
| 13 
i 
| 10 
| 13 
1 
| 
| 36 
12 
17 
12 
14 
15 
15” 
16 
12 
| 
8 
14 G. W. Ludwig 
12 T. F. Sloan. 
| a ial 
™ 
19 : 
12 G. W. Hayes, C.E. 
14 Dr. M. H. Boye. 
10 J. R. Wagner. { 
12 A. W. Betterly. ; } 
16 Armstrong & Brownell. 
2 Charles esse, D.D.S 
4 i. 
12 
13 
14 
22 4 
19 
14 
12 
Wee. 
ve 
12 
i | 


PI 
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PENNSYLVANIA STATE WEATHER SERVICE, 4 


j 
UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, ; | 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. ik . 


H. L. BALL, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 


For May, 1893. 


HALL OF THE FRANKLIN INSTITUTE, ‘ 
PHILADELPHIA, May 31, 1893. 


GENERAL REMARKS. 


The normal temperature for May is about 59°3, and the normal pre- 4 i 
cipitation, 4°09 inches. The following tables will show the departures of 1 : 
both temperature and rainfall during the month of May since the State 7) : | 
Service has been in operation. | 
During the first and second decade the weather was cool,the minimum : 
temperatures nearly-all occurred during the first ten days; and at most i 
stations in the mountains and in the northern counties, the mercury fell to and 3 ig 
below the freezing point. More or less heavy frost occurred, but no great eh 
damage was reported. The warmest days were the 22d and 23d. Bi 

The rainfall was excessive at all stations and was pretty evenly distributed, { 
except in the extreme northwestern and southeastern counties. In the : 
former, exceedingly heavy rains occurred on the 16th ; in the latter, the total F 
rainfall was lighter than in any other part of the State. Following are the 5 


1 
4 
| 
BE 
7 
ii 
| i 
{ 


2 


dates on which excessive precipitation occurred (one inch in one hour or two 


and one-half in twenty-four hours) : 

Drifton, 3°10 inches, 24 hours, 4th. 

Lancaster, 3°40 inches, 24 hours, 4th. 

Lebanon, 3'01 inches, 24 hours, 4th. 

Le Roy, 3°16 inches, 24 hours, 4th 

Selins Grove, 3°57 inches, 24 hours, 4th. 

Erie, 3°68 iuches, 24 hours, 16th. 

Meadville, 3°32 inches, 24 hours, 16th. 

Saegertown, 3°20 inches, 24 hours, 16th. 

Dyberry, 1°25 inches, 30 minutes, 23d. 

The heaviest hail storm ever experienced, in that vicinity, occurred 
Pittsburgh on the 2oth, from 3.45 to 3.50 P. M. Hailstones, irregular in form ; 
largest, size of a hen's egg; average, about one inch in diameter. Great 
damage was done to property in the city, apparently the storm being heaviest 
there. No serious injury to crops was reported, 

From January 1, 1893, to May 31, 1893, the deficiency in temperature at 
Philadelphia was 353°, at Erie 408°, and at Pittsburgh 359°. 

For the same period the excess in precipitation at Philadelphia was 
181, at Erie 5°76, and at Pittsburgh 2°76 inches. 


Mean Mean 

Temperature. Precipitation 

Inches. 


TEMPERATURE. 

The mean temperature for May, 1893, was 58°0, which is about 1°3 
below the normal, and 1°5 below the corresponding month of 1892. 

The mean of daily maxima and minima temperatures, 68°8 and 47°, 
gives an average daily range of 21°°8, and a monthly mean of 57°'9. 

Highest monthly mean, 65°°4 at Kilmer. 

Lowest monthly mean, 50°'9 at Wellsboro. 

Highest temperature recorded during the month, 93°°0 on the 23d at 
Kilmer. 

Lowest temperature, 26°o on the 8th at Wellsboro. 

Greatest local monthy range, 60° at Hollidaysburg. 

Least local monthly range, 44° at West Chester. 

Greatest daily range, 57° at Hollidaysburg on the 2oth. 

Least daily range, 2° at Aqueducton the 17th and Salem Corners on 


the 4th. 
BAROMETER, 


The mean pressure for the month, 29’9! is about ‘og below the normal. 
At the United States Weather Bureau Stations the highest observed was 
30°39 at Harrisburg on the roth, and the lowest, 29°34 at Erie on the 16th. 
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PRECIPITATION, 


The average precipitation, 5°54 inches forthe month, is an excess of about 
one and one-half inches. The largest totals in inches (including melted 
snow) were Blue Knob, 9°20; Drifton, 8°94; Saegertown, 8°89; and Girard- 
ville, 8°51. The least were Philadelphia (Weather Bureau) 2°92 ; Philadelphia 
(Centennial Avenue), 3°12; Westtown, 3°15, and Philadelphia (Locust Street) 
13°37 inches. 

WIND AND WEATHER. 


The prevailing wind was from the Northwest. 
Average number: Rainy days, 12; clear days, 11; fair days, 8; cloudy 
days, 12. 


MISCELLANEOUS PHENOMENA, 


Thunder-storms.—Blue Knob, 5th, 12th, 13th, 20th, 23d; Hollidays- 
burg, Ist, 12th, 20th, 31st; Le Roy, 23d; Quakertown, Ist, 23d; Johnstown, 
ist, 5th, 12th, 2oth, 31st; Emporium, 23d; East Mauch Chunk, 16; State 
College, 1st, 20th, 23d, 31st; Coatesville, 5th, 23d; Kennett Square, sth, 
21st, 23d; Phoenixville, 23d ; Grampian, 23d; Lock Haven, 2oth, 23d, 31st ; 
Bloomsburg, 1st; Meadville, rst, 15th, 20th, 31st; Carlisle, 5th, 20th, 23d; 
Edinboro, 12th, 15th, 20th, 28th, 31st; Chambersburg, 2d, 5th, 13th, 2oth, 
23d; Huntingdon, tst, 5th, 20th, 31st; Kilmer, Ist, 5th, 20th, 23d, 31st ; Lan- 
caster, 23d; Lebanon, Ist, 13th, zoth, 23d; Coopersburg, 2d; Wilkes-Barre, 
ist, 234; Smethport, 12th, 2oth ; Easton, roth, 14th, 23d; Aqueduct, Ist, 5th, 
20th, 23d, 31st; Philadelphia, 23d; Centennial Avenue, 5th, 16th, 23d; 
Locust Street, 21st, 23d; Girardville, 3d, 23d; Selins Grove, 5th, 31st ; Som- 
erset, Ist, 5th, 12th, 17th, 20th, 21st, 23d, 31st; Wellsboro, 23d, 31st; Lewis- 
burg, Ist, 23d, 30th, 31st; Columbus, 15th, 23d, 31st; Dyberry, 23d, 30th, 
31st; Salem Corners, 1st, 24th; Ligonier, 20th ; South Eaton, 22d, 30th, 31st; 
York, 5th, 23d. 

Hai/.—Blue Knob, 4th; Le Roy, 23d; Edinboro, 15th ; Huntingdon, 13th, 
31st; Somerset, 5th, 31st; Lewisburg, 23d; Ligonier, 2oth. 

Snow.—Blue Knob, 4th. 

Frost.—Blue Knob, 7th; Hollidaysburg, 7th, 8th, 18th, 19th, 20th ; Johns- 
town, 7th, 8th, rgth, 20th; Emporium, 8th, gth, roth, 19th, 20th, 22d; State 
College, 8th ; Coatesville, 8th, 9th, 20th ; Kennett Square, 8th ; Lock Haven, 
igth, 2oth; Meadville, 19th ; Huntingdon, 7th, 8th, rgth, 2oth; Kilmer, 7th, 
20th ; New Castle, 7th, 19th ; Lebanon, 8th; Smethport, 1gth, 20th ; Girard- 
ville, 4th, 8th; Selins Grove, 6th, 8th, 2oth; Somerset, 5th, 6th, 7th; Wells- 
boro, 5th, 7th, 8th, 19th, 20th, 22d, 29th, 31st; Columbus, 8th, 19th ; Dyberry, 
Sth, 20th, 25th; Honesdale, 8th, 2oth; York, 7th, 8th. 

Aurora.—Le Roy, 7th; Quakertown, 14th; Coatesville, 13th. 

Corone.—Blue Knob, 27th; Quakertown, 22d; Emporium, 27th; Leba- 
non, 21st, 22d, 23d, 30th; Philadelphia (Centennial Avenue), 22d, 30th; 
Dyberry, tgth, 
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Solar Halo—Le Roy, 23d, 31st; Quakertown, 13th ; Lock Haven, 15th ; 
Philadelphia, 2d, 15th, 23d; Centennial Avenue, 2d, 15th, 23d; Wellsboro, 
14th, 24th, 31st; Dyberry, 8th. 

Lunar Halo.—Lock Haven, 20th; Meadville, 28th; Carlisle, 21st; Lan- 
caster, 30th. 

Meteors.—Meadville, 5th, 8th, 24th. 


Count’ 


Bradtord, 
bradford, 
Bucks, 
Bucks, « 
Cambria, 
Cameron,. . 
Carbon, 
Centre,. . 


yhester, « . 
hester, 

pester, « . 
vester, 
hester, 
learfield, 
Clinton, 

Columbia, 


Crawford, 


Crawford, 
imberland 

Dauphin, 

Delaware, 


brie, 
ayette, . 
ranklin, 

ilton,. 
Huntingdon 


Indiana, . 


uniata, 
Lancaster, 


Lawrence, 
ebanon, . 
Lehigh, 
Luzerne, . 
Luzerne, . 
McKean, . 
lontgomer 
Montgomery 
Northampto 


retry, 
Philadelphi 
hiladelphiz 
Philadelphis 


Warren, . 


Vestmorela 
Vestmorela: 
W yoming, 
York 
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Allegheny, . 

ferkS, © « 

RerkS, « « 

Blair, « 

Blair, « « 

| 

Schuylkill, 

Snyder, . 

somerset, 

ga, 

Nayne, . 

Wayne, . 
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Relative Humidity. 
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A legheny, ° Pittsburgh, A, 
Hamburg, 
Reading, A 
Altoona, B, . 
Blue Knob, A, . 
Hollidaysburg,! 
Wysox! (26 days), 
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Bradford, eee Roy 
Bucks, « Forks Neshaminy! (26 days), 
uakertown,!. . . 
Cambria, ° ohnstown, A, 
Cameron, . Kmyorium, 
Centre | State College!— 
| Agricultural Experiment Station, 
West Chester,! 
| Coatesville,! 
Kennett Square, A,? 
Phoenixville, A, ... 
Grampian,*) ..... 
Lock Haven) .... 
Columbia, . - | Bloomsburg, A— 
State Normal School, . 
Crawford, ... Meadville— 
Divinity Hall,! 
Crawford, ‘ Saegertown,A,... 
imberland, «| Carlisle? . . 
’uphin, .. ..| Harrisburg, A, . 
Delaware, ... .| Swarthmore, A— 
Swarthmore College, 
Edinboro,*! 
Erie, A, 
Uniontown, 
Chambersburg, 
McConnellsburg,' . . 
Huntingdon, . . .| Huntingdon, A— 
The College, . 
Indiana, .... Indiana— 
State Normal School, . 
Kilmer,? 
Lancaster, . . Lancaster, 
Franklin and Marshall College, . 
ebanon, 
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Wilkes-Be 
Smethport (2 (29 days); A 

lontgomery, . .| Pottstown, . 

Montgomery,. . .| Skippack, A (27 days), 

Northampton, . Eastomi— 

Lafayette College, .. 

(Aq ueduct) Logania,*! . . 

P Weather Bureau, A, 
tiladelphia,. . 1529 Centennial Avenue, A,.... 
iladelphia, . ott Locust Street, A, 

Bloomin Grove, 
(28 days), ‘ 
Selins Grove, A, 
Somerset,! 

Wellsboro,** . . 
| Lewisburg, A 
| Dyberry, 
Honesdale, 

Salem Corners) Hamlinton,! 
estmoreland,. | (Immel Reservoir) Lycippus,*! 
Vestmoreland, . .| Ligonier (27 days), ....... 
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A, Observations taken at 8 A. M. and 8 P. M. B, Observations taken at 1s Noon. Extremes from dry thermometers. Mean temperatures,7 +2+9+9+4. *Meanol 848+ 2. Mean of 7 + 7 +2. 


MontTHiy SUMMARY OF REPORTS BY VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATH 
| | | | 
Maximum. Minimum. =| 
County. STATION. ~ 3 
é 
820 29°92 30°35 29°46 59°6 | 74°0 | 4°50 
ae oo 47 eee ee | 5°33 
| 30°40 | 29°31 58° 10 | 6790 | 50°9 3°05 
29°95 | 30°36 | 29°43 | 57°3 23 36 | | wr | | 23 27 | «766 
1050 | 29°89 | 30°36 | 29°23 | 23 31 | 69°4 | 442 25°2 48 so | 17 | 75°90 | 490 | 4" 
55° 58's 23 37 10,20 | | 47°4 | 22°2 43 | 37 $68 
| 
1,191 | 29°85 | 30°33 | 29°28 | 57°4 23 31 4 672 | | | | | 47°6 | 6746 
485 | 29°90 | 30°34 | 29°34 59°2 23 42 4, 8 687 | soo | 187 32 | 20 | 27 68:0 4°18 
$35 SOR 59°8 21, 23 35 8 mt | 23°7 42, | 20 27 3°86 
190 | 29°92 30°38 | 29°38 "4 21, 23 39 8 | §0°5 | 19°7 = | | | 4°64 
| 23 34 8 | 673 | 47'°5 | 42 | 2 | 439 | 6 
23 33 8 72°4 50 | 20 | 3 | 4°89 
| 
500 | 29°73 | 30°26 | ag*ar 57°9 22 35 | 68"4 | 47°3 | arr | 40 | | 3 | 81°2 52°0 7°07 
| 55°2 22 676 | 453 22°3 | 33 29 17 | 76% | 7°48 
53°S 22, 23 30 «8, 19 66°5 40°5 | 26° | 45 | 22 8°89 
361 | 29°92 | 30°38 | 29°36 59°0 23 a | 4 67°6 50°5 ws | 8 ai 7 748 | 50°0 | 5°32 
| 390 | 29°89 29°34 22 43 | 10,11 | 70°9 sts | 194 | 36 4 17 75°09 | sto | 3°48 
| a eee 8, 22 35 | & 8 wee | use | 
t | 29°89 | 30°3t | 29°34 | 54°0 23 | 6 | Geo | | | 23 730 | 450 | 
| 1,000 59°2 20, 22 37 | #9 69"0 49°5 | 19°5 37 20 3 17 ou 5 
23 35 78 | | 46% | 24°38 | 45 20 4 | | 6°20 
| 23 3t 8 | 7, 45°3 | 26°8 Ss 8 17 
| 483 | 29°9t | 30°37 | 29°37 58"4 | 28 48°83 6-26 
932 TS 59°7 } + | "83 
458 | 29°90 | 30°36 | 29°36 | 57°4 76°8 50°0 | 
54 
17 | Bo 8°94 
9 ove 4°15 
8 
27 69°3 49°8 
18 | 
23 3, 27 4°82 
23 36 17 ese 6"40 
23 43 | 3 650 Bo 2°92 
23 44 | 27 67'0 48°3 
23 43 3, 27 eee oe 3°37 
| 22 39 cee 6°72 
{| 37 17 | 
| 83 33 30 54°2 6°85 
| In, 22 31 17 | 730 
| 22, 23 31 > gr2 53°8 6°42 
23 20 450 20°0 47 20 3 | 416 | 
23 | 459 | 19°7 4 loos | 
| 34 8 15°6 2 4 | 
7 23 30 9 475 25°2 5 17 cee 6°13 
| as 33 8 46°2 20°8 40 20 
88 23 35 | 478 | 238 | 43 | Oss 


sy VOLUNTARY OBSERVERS OF THE PENNSYLVANIA STATE WEATHER SERVICE FOR May, 1893 


TEMPERATURE. 
NIMUM Dairy RAnGe. 
sé 
2 
7 | i» j 49°5 20°2 36 20 5 17 
20 70°7 49°2 21°5 42 20 3 16, 17 
"53°2 “186 37 24 10 27 
: | 50°2 13°7 32 7 3 16, 17 
8 | 723 42°5 29°8 57 20 8 17 
20 | 69°2 43°! 47 20 8 16 
8 | 65 46°1 19"0 33 20 4 18 
8 | 468 22 3 37 23 7 27 
| 69% 25°2 48 20 8 17 
| 10,20 | 69°6 47°4 22°2 43 10 4 17 
4 | 672 | 458 | 2% 40 20 8 3 17 
4 8 | G69 18°7 32 20 6 27 
8 mt | ae | 337 20 7 27 
“90 2 19 7 35 20 6 1 
1 68°6 47°5 22°1 47 6 27 
: 8 67°3 47°5 19°8 42 20 + 17 
8 72°4 44°3 50 20 6 3 
8 | 68°4 47°3 ar"! 40 20 5 3 
7 | 676 | | 22°3 33 4 17 
i 8, 19 40°5 26°0 45 22 17 
72°7 24°6 41 6 17 
4 | 67° 50°5 71 | 28 20 | 3 17 
10, 11 51°5 194 | 36 4 17 
6 62°0 46°0 16.0 | 36 23 4 17 
19 "0 | 49'S 19°5 37 20 3 17 
7, 8 71°2 24°8 45 ao | 4 18 
8 72°t | 45°3 26°8 53 17 
4, 20 | ° > 
7 | 698 | 47% | 22°7 | 39 so , 5 28 
7 | 68° | 42% 264 | 46 4 
8 68's | 463 | 22°2 | 43 20 | 6 17 
8 68°4 | 19° | 34 
8, 20 66"1 24°4 46 
8 17°2 45°9 31°3 49 4 
8 66" 4°°3 25°7 49 17 
9 | §8°7 | 20°0 35 27 
7 69"4 49°8 | 19°6 38 18 
7 68°7 49°! 19°6 31 3 |} 6 | 3,27 
20 71°5 49°4 43 20 2 17 
4 69°6 52°3 17°3 zy 2 5 3 
3, 8 70°9 52°0 18°9 30 27 
5 51°4 18°8 30 6 3» 27 
8 68'r | 45°5 21°6 37 20 5 17 
8 70"4 48°3 22°1 38 22 7 16 
7 67.8 45°6 22°2 48 17 
8 69'7 | 45°5 | 24°2 46 17 
20 6s'0 | 45°0 | 20° 47 4, 16 
8 65°6 45°9 | 19°7 36 
8 63°7 15°6 34 4 
19 69"0 438 25°2 50 20 5 17 
8 46°2 20°8 40 20 | 7 14 
8 71°6 478 23° | 43 20 | 17 


Relative Humidity. 


Total Inches. 


Dew Point. 
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4°44 
eee 4-67 
eee 
79°° 
eee 7°76 
eee 4-22 
76°6 5°41 
mo | 499 | 4" 

47°6 6°46 
4°18 
ee 3°86 
eve 3°61 
4°64 
eee eee 3°15 
cee 5°47 
eee eee 4°89 
81°2 §2°0 7°°7 


ee 6°32 
48°8 6°26 
6°23 
50°0 8°05 
5°42 
qo 8°64 
4°15 

4" 


48°3 3°12 
3°37 
wid eee 6°72 


PRECIPITATION. NuMBER 
& 
| 
be SES 
as 
eee — 12 5 1 
es 18 9 K 
cee 17 13 
wee 13 9 
x 10 13 
15 8 q 
on ee 6 20 4 
I 6 1 
13 8 
° 12 9 1c 
16 10 
| 8 6 18 
ache 17 10 16 
10 12 
eee 15 1" 
12 7 | 
13 15 : 
9 
8 21 | 4 
. | 9 
16 4 
11 
14 \ 
18 9 ‘ 
7 
1 
| 12 7 
| 16 6 
cee | 16 8 1 
9 13 d 


1 Mean temperatures, 7 +2+9+9+ 4. 


2 Mean of 8+ 8 + 2. 


3 Mean of 7 +742. 


Absence of numerals indicates that me: 
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| 51°3 

76"4 49°0 7°48 
| 5°32 
75°0 51°0 3°48 | 
73°09 | | 7" 

08 
ees 6°24 | 
| 6°20 | 
69°3 | 49°8 4°80 
eee 4°82 
6°40 
48°0 2°92 
| 542 6°85 
89" 37% | 7°30 
53°38 | 6°42 
coe | SOHO 
cee 2c 
b 
83°8 ss | &s3 | 
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Numper oF Days. 
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15 
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Prevaitinc Direction. 
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a 
| NW NW | O. D. Stewart, Weather Bureau. 
Ww Sw William Shipe. 
. .. | Franklin Yager 
NW NW | A. H. Boyle 
a Ww Prof. J. A. Stewart. 
| NW NW | Charles er. 
SW SW | G. W. T. Warburton 
E w . C. Hilsman. 
NW SW . L. Heacock. 
. B. Lioy 
WwW WwW F. C. Wintermute. 
SW Prof. Wm, Frear 
NW SE 4% Green, D.D.S 
Ww Ww T. Gordon. 
SW | B. P. Kirk. 
$0.4 NW | Knowles Croskey. 
. .. | Harry Alger. 
Ww w Nathan Moore. 
w w Prof. J. A. Robb. 
Prof, J. G. Cope. 
Ww SW | Chas. Graves 
NW . G. Apple 
SW Ss . E. Pague. 
Ww Ww . Ridgway, Weather Bureau. 
. SW | Prof.Susan J. Cunningham. 
‘ -.. | C. F. Sweet, 
Ww Ww P Wood, Weather Bureau, 
| SW NW | Wm. Hunt 
Ww G. W. Ludwig 
w NW Sloan. 
Ww Prof. W. J. Swigart. 
... | Prof.S C. Schmucker. 
a. J. Mickey. 
w Ww. E. Bushong. 
Ww Ww Wm. T. Butz. 
SW | G.W. Hayes, C.E 
| NW SE | Dr. M. H. Boye 
.-. | J. R. Wagner 
Rare SW la. W. Betterly. 
rae SW | Armstrong & Brownell. 
Ss Ww Charles Moore, D.D.S, 
. W. Moore. 
ichard Callin. 
sw SW | L. M. Dey, Weather Bureau. 
Sw Comly. 
ate SW | Ralph L. Paddock. 
<> ie Grathwohl. 
NW NW C. Wagner. 
Boyer, 
sw | sw | M. Schrock. 
Ww i D. Deming 
Gays SW | Prof. W. G. Owens. 
| | Wm. Loveland. 


Ww, NW Ww, Theodore Day. 


| one Torrey 
B Orchard, M.D. 


is indicates that mean of temperature is from maximum and minimum readings, 


5 
Ossarvars. 
i 
18 7 11 13 NW 
12 5 15 ir NW - 
18 9 10 12 NW 
17 13 10 8 NW : Ft 
8 1° 2 14 NW i 
13 9 11 11 SW  . 4 
10 10 10 6 Ww 
14 9 11 SW 
10 13 12 
15 8 16 
14 17 11 j 
9 16 9 
12 13 12 ae 
15 
8 33 { 
13 8 +g ‘ 
13 6 7 | 18 tt | 
10 | 12 | 

| 
8 6 18 | mi 
10 12 8 11 
15 | | 9 | 
| a 
17 13 5 | 13 Ww 
12 7 14 10 w 4 
13 15 | 10 Ww 
9 | 36 WwW 
13 | 30 NW 4 
8 10 | 10 
| 6 Sw 
9 9 NW 
| 16 | 7 Ww 
9 10 | 14 
8 12 13 Sw 
8 15 11 SW 
10 | 9 Ww | 
14 ° 12 SW 
18 9 17 SW { ; 28 
13 7 at N 
16 6 10 15 WwW 4 i| 
16 8 12 7 Ambrose. 
9 | B. M. Hall. 
15 | 5 | 11 NW... | Mrs. L. H. Grenewald. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


H. L. BALL, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 


FoR JUNE, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, June 30, 1893. 


GENERAL REMARKS, 


The normal temperature of Pennsylvania for June is about 68°9, and the 
normal rainfall 4°26 inches. June 1893 is noteworthy because of the wide 
range in the temperature. The month opened cool, but the temperature did 
not vary greatly from the normal until the latter part of the second decade, 
when the increasing warmth culminated in the fierce heat of the 19th, 20th 
and 21st. June 20th was perhaps the warmest June day ever recorded. 
The warm weather was followed by a period of cool weather which con- 
tinued through the month. As an illustration of the great changes in tem- 
perature, it may be noted that at Philadelphia the mean temperature for the 
day on the 20th was 13° above the normal, while on the 26th it was 15° 
below—a range in mean daily temperature of 28° within a week. The 
period of warm weather closed with generous rains, which were badly 
needed, none of consequence having fallen within the previous ten days. 

The monthly rainfall was below the normal in nearly every section and 
was especially deficient in the Lehigh Valley, the central northern counties 
and in the area draining southward into the Potomac River. In these sec- 
tions the drouth very seriously affected the crops, particularly the hay crop 
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which was materially shortened. In the Allegheny River Valley and at 
some stations in Bucks and Montgomery Counties the rainfall was above the 
normal, the excess in the latter section being due to heavy local thunder 
showers. General rains occurred on the 2d, 6th, 21st to 23d and 25th to 
27th, the last two periods giving the greater part of the months rain. 
Excessive precipitation (one inch in one hour or two and one-half 

inches in twenty-four hours) was recorded : 

Smith's Corner, 2°65 inches, 24 hours, 22d. 

Forks of Neshaminy, 1°44 inches, 0.50 minutes, 22d. 

Kennett Square, 1°25 inches, 0.17 minutes, 22d. 

From January 1, 1893, to June 30, 1893, the deficiency in temperature at 
Philadelphia was 333°, at Erie 332°, and at Pittsburgh 321°. 

For the same period the excess in precipitation at Philadelphia was 1°58, 
at Erie 4°80, and at Pittsburgh 1°99 inches. 


Mean Mean 


TEMPERATURE. 


The mean temperature for June, 1893, was 69°°6, which is about 0°'7 above 
the normal, and 2°*1 below the corresponding month of 1892. 

The mean of the daily maxima and minima temperatures, 80°7 and 58° 8, 
gives an average daily range at 21°9 and a monthly mean of 69°°8. 

Highest monthly mean, 76°’o at Kilmer. 

Lowest monthly mean, 63°°8 at Wellsboro. 

Highest temperature recorded during the month, 100° on the 20th at 
Hamburg, Lock Haven, Carlisle, Aqueduct and Blooming Grove. 

Lowest temperature, 38°°0 on the 20th and 21st at Drifton and 2oth at 
Smethport. 

Greatest local monthly range, 56° at Quakertown and Drifton. 

Least local monthly range, 28° at Erie. 

Greatest daily range, 47° at Hollidaysburg on the roth. 

Least daily range, 3° at Drifton on 3d, Coopersburg on 26th and Carlisle 
on 27th. 


BAROMETER, 


The mean pressure for the month, 30°00 is about 03 above the normal. 
At the United States Weather Bureau Stations the highest observed was 
30°32 at Harrisburg on the 8th, and the lowest 29°56 at Philadelphia on the 
22d. 


| 
i 
i 
| 


Jour. Frank. Inst., Vol. CXXXVI. August, 1593, 
8 MEAN TEMPERATURE, RAINFALL AND PREVAILING WIND DIRECT 


» ¥l 


Trout. Bar Kay 


£410 


7 

2 

BO 


| \ 


68°.7 _ 


WAS TD Ne WEST MO Re 


180 MS 
FRAN KLI Gettysyury 


j 


: 
| CBE LSE 
} Ne n > -6F 


'E, RAINFALL AND PREVAILING WIND DIRECTION FOR JUNE 


| Couile SPOT: rt 
8.68 


Por 


\ 


Enporium 68° .3 
4:83 


2 Newfloomtiels 


R 
, 
f 


9° 7 
> 


DOA 
FRAN Gettysbury } 


69°33 


LANG AIS Te 
isles: 


oN 70°.6 


gh 
FORE 
( 


R JUNE. 1893 


UEHANNA | 
68% 

\= 


e Honesdale 


auton Gb Zs 
43 
: 2.86 | 


* 


D 

| 

| 


burg, . 
town, 
22d; § 
Kenn 
pian, 
Mead 
26th ; 
2Ist, 2 
mer, 
2d, 5tl 
port, 
Aquec 
(Cente 
21st, 
Selins 
Wells! 
11th, 
He 
25th ; 
fr 
So 
15th; 
Me 


Th 
The lz 
6°41; 

Th 

"42a 

Th 

Av 

days, 

Th 
i 
| 
i 
| 


3 


PRECIPITATION. 


The average rainfall 3°12 inches is a deficiency of about 1°14 inches. 
The largest totals reported in inches were Clarion, 6°50; Parker's Landing, 
641; Columbus, 5°61; Frederick, 5°28; Smith’s Corner, 5°08 inches. 

The smallest were Blooming Grove, 1°20; Westtown, 1°30: Wellsboro, 
‘42 and Wilkes-Barre, 1°43 inches. 


WIND AND WEATHER. 


The prevailing wind was from the West. 
Average number: Rainy days, 9; clear days, 10; fair days, 11; cloudy 
days, 9. 


MISCELLANEOUS PHENOMENA, 


Thunder-storms.—Blue Knob, 2d, 3d, 4th, 15th, 2oth, 25th; Hollidays- 
burg, 4th, roth, 26th ; Le Roy, 22d, 25th ; Forks of Neshaminy, 22d ; Quaker- 
town, 6th, 22d; Johnstown, 2d, 3d, 4th, 20th, 21st, 22d, 25th ; Emporium, 21st, ; 
22d; State College, 21st, 22d, 25th; Coatesville, 6th, 11th, 21st, 22d, 26th; aa 
Kennett Square, 4th, 6th, 11th, 21st, 22d, 26th; Phoenixville, 11th; Gram- 
pian, 25th; Lock Haven, 21st, 25th; Bloomsburg, 2oth, 21st, 22d, 25th; 
Meadville, 3d, 16th, 21st; Saegertown, 16th, 25th; Carlisle, 2d, 4th, 22d, 
26th ; Harrisburg, 22d, 25th, 26th ; Edinboro, 2d, 3d, toth, 15th, 16th, 17th, 
21st, 22d, 25th; Uniontown, 21st, 22d, 27th, 28th; Huntingdon, 26th; Kii- 
mer, 4th, 15th, 2oth, 22d, 25th; Lancaster, 17th, 21st, 26th; New Castle, 
ad, sth, 15th, 16th, 21st, 25th, 27th; Lebanon, 15th, 21st, 22d, 26th ; Smeth- 
port, 3d, 16th, 22d, 25th; Pottstown, 6th; Easton, 6th, 11th, 21st, 22d; 
Aqueduct, 22d; Philadelphia (Weather Bureau), 6th, 11th, 21st, 22d; 
(Centennial Avenue), 6th, 11th, 21st, 22d, 26th; (Locust Street), 6th, 11th, 
21st, 22d; Blooming Grove, 1oth, 22d, 25th; Girardville, 2d, 22d, 25th; 
Selins Grove, 21st, 22d, 23d, 25th; Somerset, 2d, 21st, 23d, 26th, 27th; 
Wellsboro, 21st, 22d, 25th; Columbus, 3d, 16th, 25th; Dyberry, 4th, roth, 
1ith, 21st, 22d, 25th, 30th; Salem Corners, 21st, 22d, 25th; South Eaton, 
loth, 22d, 26th, 30th ; York, 22d, 26th. 

Hail.—Grampian, 25th ; Meadville, 21st; Saegertown, 25th; Edinboro, 
25th ; New Castle, 15th, 25th; Philadelphia (Centennial Avenue), 11th. 

Frost,—Somerset, 24th. 

Solar Halo.—Philadelphia (Weather Bureau), 7th ; (Centennial Avenue), 
15th; Wellsboro, 22d. 
Meteors.—Quakertown, 17th. 
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HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, July 31, 1893. 


GENERAL REMARKS. 


The normal temperature of Pennsylvania for July is about 72°°9, and the 
normal rainfall 4°27 inches. 

The temperature of July, 1893, was only slightly below the normal, taking 
the State as a whole. The eastern portion of the State was apparently slightly 
warmer than that west of the mountains. At Philadelphia and York the 
total excess for the month was 15° and 61° respectively. The latter is prob- 
ably a little too high owing to the fact that the ‘‘ normals’’ for York are com- 
piled from but five years of records. At Pittsburgh and Erie there was a total 
deficiency, for the month, of 42° and 27° respectively. 

The warmest weather occurred on the 25th and 26th. Cool weather imme- 
diately preceded and followed this warm spell, and most of the low tempera- 
tures were recorded on the 24th and 28th. The most marked change in 
temperature occurred on the 25th, as on that day most stations recorded their 
greatest daily range. 
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The monthly rainfall was below the normal at nearly all the stations, and 
especially deficient in the lower Susquehanna and Lake basins. It was above 
the normal at a few western stations. A protracted and serious drouth set in 
during the last decade, and by the close of the month rain was badly needed 
in all sections. 

The deficiency in rainfall for the month at Philadelphia was 2°49, at York 
4°10, and at Harrisburg 2°32 inches, that of York being probably too great 
owing to the normals having been obtained from but five years of records. 
At Pittsburgh the monthly deficiency was not so great, the former stations 
having a deficiency of 0°23 and the latter 1°11 inches. 

From January 1, 1893, to July 31, 1893, the deficiency in temperature at 
Philadelphia was 318°, at Erie 3.59°, and at Pittsburgh 362°. 

For the same period the deficiency in precipitation at Philadelphia was 
o’g! at Erie an excess of 3°69 and at Pittsburgh 2°22 inches. 


Mean Mean 

Temperature. Precipitation. 
Inches. 


TEMPERATURE, 


The mean temperature for July, 1893, was 72°°0, which is about 0°’9 below 
the normal, and the same as the corresponding month of 1892. 

The mean of the daily maximum and minimum temperatures, 84°°2 and 
60°'o, gives a monthly mean of 72°1, with an average daily range of 24°°2. 

Highest monthly mean, 77°0 at Philadelphia. [Weather Bureau. ] 

Lowest monthly mean, 65°*1 at Wellsboro. 

Highest temperature recorded during the month, 102° on the 26th at Aque- 
duct and Quakertown. 

Lowest temperature, 36° on the 24th at Wellsboro. 

Greatest local monthly range, 60°o at Lewisburg. 

Least local monthly range, 36°o at Philadelphia. [Weather Bureau.] 

Greatest daily range, 49°0 at Lock Haven on the 3oth. 

Least daily range, 3°°o at Hamburg on the 14th. 


BAROMETER, 


The mean pressure for the month, 29'98, is about ‘o2 inch above the 
normal. At the United States Weather Bureau Stations, the highest observed 
was 30°25 at Philadelphia on the 11th, and Harrisburg on the 28th, and the 
lowest 29°68 at Philadelphia on the 22d. 


PRECIPITATION, 


The average rainfall, 3°15 inches for the month, is a deficiency of about 
1°12 inches, 
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PRECIPITATION DURING JULY, 1893. 


Delaware Basin. 


Blooming Grove, 
Browers Lock, 


on 


Forks of Neshami 


Frederick, .. 
Hamburg, .. 
Honesdale, . . 


Kennett Square, . 


Lansdale, .. . 
Mauch Chunk, 
Ottsville, 


Philadelphia, at 
Philadelphia, b, . 


Philadelphia, c, 
Pheenixville, . 
Point Pleasant, 
Pottstown, .. 
uakertown, 
eading, 
Salem Corners, 
Seisholtzville, 


Smith’s Corner, . 


Swarthmore, 
West Chester, . 


Westtown, ....-/.. 
Susquehanna Basin. 


Altoona,. .. . 
Aqueduct, 
Bloomsburg, . 
Blue Knob, 
Carlisle, . . 
—, 
mporium, 
Girardville, 
Grampian,.. . 
Harrisburg,t 


Hollidaysburg, 


Huntingdon,. . 
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Lewisburg, . . : 
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State College, 
Wellsboro, .. 
Wilkes-Barre, . 
ysox, . 
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+U.S. Weather Bureau Stations. 


Beaver Dam, 
Brookville, 
Clarion,. . . 
Columbus, 
Confluence, 

Davis Island Dam, 
DuBois, 

Freeport, 
Greensboro,..... 
Immel Reservoir, . 
Indiana, 
Johnstown, . 


Mahoning, 
Meadville, 
New Castle, 
Oil City, 


Parker's Landing, . . | 


Pittsburg,t 
Saegertown,. . . 
Saltsburg, 
Smethport, 
Somerset, 
Stoyestown, 
Uniontown, . 
Jarren, . 


West Newton,. . . . | a 
| Potomac Basin. 


Chambersburg, 
McConnellsburg, 
Lake Basin. 
Erief...... 
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‘Ohio Basin. 
Beaver Dam, ..../../. 
Brookville, ..... 


Clarion,. . . 


Confluence, . . 


Preeport, .. 


Greensboro, .... 
Immel Reservoir, . . | 


Johnstown, ..... 


Ligonier, . . 


Lock No. 4,. 


Mahoning, . 

New Castle,. . . 
Parker's Landing, 


| 
Meadville, | 
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Pittsburg,t .... . 
Ridgway,..... 


Saegertown,. . ...| 


Smethport, . . 
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Stoyestown,...../|. 
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‘Potomac Basin. 
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||Lake Basin. 
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The largest monthly totals in inches were Clarion, 6°27 ; Immel Reservoir 
(Lycippus), 6°36; Ligonier, 6°21 inches. 

The least were York, 1°58; Erie and Warren, 1°79; Harrisburg, 1°92; 
Coopersburg, 1°96; Pottstown, 1°99 inches. 


WIND AND WEATHER, 


The prevailing direction of wind was from the West. 
Average number: rainy days, 10; clear days, 15; fair days, 12; cloudy 
days, 4. 


MISCELLANEOUS PHENOMENA, 


Thunder-storms.—Blue Knob, 34, 5th, 6th, 7th, 8th, 13th, 14th, 15th, 16th, 
i7th, 18th, 26th, 29th, 31st; Hollidaysburg, 7th, 13th, 15th, 17th, 26th; 
Wysox, 22; Le Roy, 3d, 15th, 18th, 26th ; Forks of Neshaminy, 3d, 5th, 8th, 
16th, 17th, 18th, 26th; Quakertown, 3d, 5th, 8th, 13th, 16th ; Johnstown, 3d, 
sth, 6th, 8th, 13th, 14th, 26th; Emporium, 3d, 8th, 15th, 26th ; East Mauch 
Chunk, 3d; State College, sth, 8th, 13th, 15th; West Chester, 3d, 8th, 18th, 
26th ; Coatesville, 3d, 5th, 8th, 13th, 16th, 17th, 18th, 26th, 29th; Kennett 
Square, 3d, 8th, 13th, 26th; Phoenixville, 3d, 5th, 8th, 13th, 16th, 26th ; Lock 
Haven, 3d, 8th, 13th, 15th, 17th, 23d, 26th, 29th ; Bloomsburg, 8th, 13th, 16th, 
29th ; Meadville, 3d, 6th, 8th, 15th, 17th, 22d ; Saegertown, 3d, 8th, 17th; 
Carlisle, 5th, 6th, 7th, 8th, 15th, 31st; Harrisburg, 5th, 13th, 15, 26th; Edin- 
boro, 2d, 5th, 6th, 8th, 13th, 22d; Chambersburg, 6th, 8th, 13th, 26th, 31st, 
Huntingdon, 7th, 13th, 14th, 15th; Kilmer, 3d, 5th, 8th, 13th, 15th; New 
Castle, 26th; Lebanon, 3d, 5th, 8th, 23d, 26th ; Coopersburg, 3d, 5th, 8th, 
2gth; Drifton, 9th, 13th, 15th, 26th ; Wilkes-Barre, 3d, 8th, 13th, 15th, 18th, 
23d, 29th; Smethport, 3d, 6th, 8th, 15th, 22d; Pottstown, 3d, 5th, 8th, 13th, 
16th, 26th ; Easton, 3d, sth, 6th, 8th, 13th, 15th, 16th, 26th; Aqueduct, 3d, 
4th, 5th, 7th, 8th, 13th, 15th 23d, 26th; Philadelphia (Weather Bureau), 3d, 
sth, 8th, 13th, 16th, 17th, 18th, 26th; (Centennial Avenue), 3d, 5th, 8th, 
13th, 16th, 17th, 18th, 26th; Blooming Grove, 3d, sth, 8th, 12th, 22d, 26th; 
Girardville, 3d, 5th, 13th, 15th, 16th; Selins Grove, 8th, 13th, 16th, 29th ; 
Somerset, 7th, 8th, 13th, 15th, 26th ; Wellsboro, 3d, 5th, 8th, 13th, 15th, 22d, 
26th; Dyberry, 3d, 5th, 8th, 12th, 18th, 22d, 26th; Salem Corners, 3d, 8th, 
12th, 13th, rsth, 18th, 22d, 26th; South Eaton, 2d, 3d, 5th, 8th, 13th, 18th, 
26th; York, 3d, 5th, 8th, 13th, 26th, 31st. 

Hail.—Pheenixville, 5th; Edinboro, 17th; Lebanon, 3d, 5th; Pottstown, 
sth; Aqueduct, 3d; Philadelphia (Weather Bureau), 5th; (Centennial Avenue), 
sth; Girardville, 34; Somerset, 13th ; Wellsboro, 22d. 

Frost.—Smethport, 24th ; Somerset, 24th; Wellsboro, 11th, 24th. 


Aurora.—Coatesville, 15th, 19th; Carlisle, 15th; Salem Corners, 16th, 
17th, 18th. 


Corone.—Blue Knob, 20th, 23d, 25th, 28th. 
Lunar Halo.—Blue Knob, 23d. 
Meteors.—Quakertown, 17th; State College, 28th. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


CO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU, 


H. L. BALL, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 


For AvuGust, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, August 31, 1893. 


GENERAL REVIEW. 


The most notable features of the month’s weather were the drouth of the 
first two decades and the hurricanes on the 23d and 28th. 

Of the temperature, no more need be said than that it was normal, con- 
sidering the State as a whole, and that neither extremes of heat nor cold 
occurred. The greater part of the month gave fair and pleasant weather. 

The rainfall during the first two decades was very light, and that which 
fell was badly distributed. Drouth, in its most serious form, existed. In the 
sections, of which Tioga in the north and Bedford in the south were the 
centres, no appreciable rainfall was received. In those sections it is said 
that during more than two months the ground had not been thoroughly wet. 
Over the whole State, rivers, springs and wells were low and the ground 
parched and hard. Crops of all kinds suffered severely and their yield 
materially shortened. Heavy local showers on the 6th brought relief, as well 
as destruction, to portions of Chester, Lancaster and York Counties. On 
that date a terrible hail-storm passed over a part of York County, destroying 
all crops in its path. |A full account of this storm will be found in the notes 
of the York observer, printed elsewhere.] The long prevailing drouth was 
partially relieved in Eastern Pennsylvania by heavy showers on the Igth 
and 20th, and the heavy rains on the night of the 23d. The hurricane of 
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the 23d was of great severity but was confined almost entirely to the south- 
eastern counties. While Bucks, Lehigh and neighboring counties received 
from five to eight inches of rainfall from the rains of the 19th, 20th and 234, A 
the counties west of the mountains had less than one-fourth of an inch. The 
path of the second hurricane, that of the 28th, lay through the central por- 
tion of the State, and the accompanying rains terminated the drouth in all 
sections. 
The high winds accompanying and following both of these hurricanes 
completely prostrated most of the standing crops and blew off great quanti- 
ties of fruit. 


Though the average rainfall was slightly above the normal, the distribu- T 
tion was very uneven. The counties along the Delaware and Lehigh, espe- mal, 
cially Bucks County, received far more rain than elsewhere, the excess over T 
the normal at some stations being nearly four inches. From Philadelphia 58°" 1 
westward, and including all the southern and southwestern counties, the H 
rainfall was below the normal. In the other sections about the usual amount L 
was received. H 

At Philadelphia the total deficiency in rainfall for the month was 2°41, at Have 
York 0°64, Harrisburg 1°16, Pittsburgh 0°46, and at Erie an excess of 0°28 L 
inch, G 

From January 1, 1893, to August 31, 1893, the deficiency in temperature L 
was, at Philadelphia 260°, York 399°, Pittsburgh 378°, and at Erie 367°. G 

For the same period the deficiency in precipitation was, at Philadelphia ingd 
3°32, York 4°60, Harrisburg 7’01 inches, and at Pittsburgh and Erie an excess L 


of 1°76 and 3°97 inches, respectively. 


EXCESSIVE PRECIPITATION, 


T 
: [One inch in one hour, or two and one-half inches in twenty-four hours.| norn 
Amount. 
’ STATIONS. | (Inches and Time, Date. 
Hundredths.) 
| 
= T 
h. m. 
Blooming Grove, ......-. 3°11 16 30 23d 11 p. m, to 24th 3.30 p, m. one- 
5 : Forks of Neshaminy, ..... 3°26 24 _ 24th T 
min 4°00 21 15 28th 7.30 a. m. to 4.45 a. m, 2gth. No. 
3°04 24 28th to 2gth. 
1°35 I 15 2oth 7 
7 p. Mm, to 11 p. 2°95 ip. 
4°75 i 5 50 8.10 a, m, to 11 a, m, 1°80 A 
in 
5 
Seisholtzville, ......... 2°79 = zoth 
2°50 23 30 28th 9 p. m. to 2gth 8.30 a, m. 
igth, 
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Mean Precipitation 

Temperature Inches 


TEMPERATURE, 


The mean temperature for August, 1893, was 70°2, which is just the nor- 
mal, and 1°1 below the corresponding month of 1892. 

The mean of the daily maximum and minimum temperatures, 82°°7 and 
58°11, gives a monthly mean of 704, with an average daily range of 24°°6. 

Highest monthly mean, at Philadelphia. [Weather Bureau. ] 

Lowest monthly mean, 63°°2 at Wellsboro. 

Highest temperature recorded during the month, g9° on the 11th at Lock 
Haven, and on the 18th and 25th at Huntingdon. 

Lowest temperature, 30° on the 14th at State College. 

Greatest local monthly range, 62° at State College. 

Least local monthly range, 35° at Philadelphia. [Weather Bureau.] 

Greatest daily range, 50° at Saegertown on the 3d, Ligonier 15th, Hunt- 
ingdon 16th, and State College on the 26th. 

Least daily range, 2° at Salem Corners [Hamlinton] on the 24th. 


BAROMETER, 


The mean pressure for the month, 29'99, is about ‘or inch above the 
normal. At the United States Weather Bureau Stations, the highest observed 
was 30°25 at Erie on the 31st, and the lowest 29°38 at Harrisburg on the 29th. 


PRECIPITATION. 


The average rainfall, 4°50 inches for the month, is an excess of over 
one-fourth of an inch. 

The largest monthly totals in inches were Doylestown, 9°99; Point Pleas- 
ant, 9°71; Quakertown, 8:90, and Smith's Corner, 8°63 inches. 

The least were Immel Reservoir (Lycippus), 1°68; Ligonier, 2°19; Lock 
No. 4, 2°42; and Philadelphia [Weather Bureau], 2°43 inches. 


WIND AND WEATHER. 


The prevailing direction of wind was from the Northwest. 
Average number: rainy days, 8; clear days, 14; fair days, 10; cloudy 
days, 7. 
MISCELLANEOUS PHENOMENA. 
Thunder-storms.—Blue Knob, 6th, 11th, 19th, 27th; Hollidaysburg, 6th, 
rith; Wysox, 27; Le Roy, 25th, 27th; Quakertown, Igth; State College, 
igth, 26th; Coatesville, 6th, 17th, 20th; Kennett Square, 6th, 17th, 2oth; 
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Grampian, 29th; Lock Haven, 6th, 12th, 19th, 24th, 27th, 28th; Meadville, 
4th, 5th, 11th, 16th, 18th; Carlisle, 6th, 12th, Igth, 29th; Harrisburg, 6th, 
i2th, 19th; Huntington, roth; Kilmer, 6th, t9th, 2oth ; Lancaster, 6th, 17th, 
24th; Lebanon, 6th, 19th; Coopersburg, 17th, 19th, 20th ; Drifton, 7th, 18th, 
igth, 21st 24th, 29th; Wilkes-Barre, 12th, 17th, 19th, 24th, 29th ; Smethport, 
Ist, 6th, 18th; Pottstown, 6th, 19th, 2oth ; Skippack, sth, 2oth ; Easton, 6th, 
12th, 17th, 19th; Aqueduct, 26th ; Philadelphia, 6th, 12th, 17th, 20th; Cen- 
tennial Avenue, 6th, 12th, 17th, 20th; Blooming Grove, 6th, 19th ; Girard- 
ville, 19th ; Selins Grove, 6th, 12th, 24th; Somerset, 23d, 26th ; Dyberry, 6th, 
17th, 19th, 20th ; Salem Corners, 5th, 6th, 19th; South Eaton, 6th, 19th, 20th, 
27th; York, 12th; Chambersburg, 6th, 28th; Wellsboro, 8th, 19th, 27th; 
Pheenixville, 6th; Johnstown, 6th, 26th; Emporium, 6th, 18th, roth, 25th, 


27th. 


Hail.—Quakertown, 19th; Carlisle, 6th; Lancaster, 17th; York, 6th; 


Chambersburg, 6th. 


Frost.—Blue Knob, 30th; Smethport, 14th; Blooming Grove, 15th; 
Somerset, 15th; Dyberry, 14th ; Wellsboro, 14th, 15th, 16th, 31st. 


Corone.—Blue Knob, 24th ; Wilkes-Barre, 7th ; Dyberry, 4th. 


Aurora.—Le Roy, 6th, 12th; Quakertown, 6th; Aqueduct, 6th, 8th; 
Selins Grove, 6th, 31st. 


Solar Halo.—Le Roy, 31st; Philadelphia, 14th; Centennial Avenue, 3d, 
11th, 14th; Dyberry, 4th. 


Lunar Rainbow.—W ilkes-Barre, 27th. 
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OCTOBER WEATHER. 
From United States Weather Bureau Records. 

The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 
conditions during that time, and also the range within which weather varia- 
tions may be expected to keep in any future October. 


Pittsburgh. Erie. 


Philadelphia. 
(22 years.) (20 years.) 


(22 years.) 


56° | 54° 52° 


Highest recorded, 


Lowest temperature recorded. . . . 31° 
- «+ +. « joth, 1873; 16th, 1876 | 26th, 31st, 1887 


Average date of first “‘killing” | | 


Average precipitation (inches),. . . 2°37 } 4°08 


Average number of ~~ with ‘or 


16 


Greatest — precipitation, . 6°52 6°25 8°17 


0706 1°18 
1892 1874 1879 


1°96 2°06 
esth, atch, 1872 | 2oth, 1873 23d, 1878 


trace. *s inch, 
gist, 1885 2sst, 1887 
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Prevailing direction of wind,. . . . 


Highest velocity, miles per hour, . 75 48 


| 
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18 
| 
| 1876 | 1 
87° 
= — q 
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4 
Least monthly precipitation, . . . . | 
Average number clear days, . .. . 12 8 7 
| cloudy, .. 10 “2 9 
N. W. N. W. s. oa 
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PENNSYLVANIA STATE WEATHER SERVICE, 


~ UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 
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UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU. 


H. L. BALL, WEATHER BUREAU, OBSERVER IN CHARGE. 


MONTHLY WEATHER REVIEW. 


FoR SEPTEMBER, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, September 30, 1893. 


GENERAL REVIEW. 


September’s normal temperature is about 63°1, and its normal rainfall 
3°53 inches. The present month opened decidedly cool, light frosts occur- 
ring in elevated regions on the 2d and 3d. From this time until the 25th, 
the temperature ranged not far from the normal, excepting a few days of 
warm weather about the 20th. A decidedly cool wave overspread the State 
on the 25th, after which cool weather continued till the close of the month. 

Throughout the Delaware and Susquehanna basins, excepting the moun- 
tain and valley districts along the lower Susquehanna, the rainfall was evenly 
distributed, though slightly below the normal. A marked deficiency of pre- 
cipitation occurred in the Ohio, Lake and Potomac basins, the deficiency 
amounting at most stations to one and a half or two inches. Severe local 
storms occurred on the 7th and 15th, the latter accompanied by general rains 
throughout the State. That of the 7th was particularly severe in the northern 
counties, and especially so in Tioga, where great damage was done to prop- 
erty and not a few lives lost. Observers’ reports show that the storm had 
the appearance of a tornado. The barograph at Emporium recorded a 
marked though not very great fluctuation. The storm of the 15th was more 
general and not so destructive, but was violent in some sections. 

At Philadelphia the total excess in rainfall for the month was 0°33; at 
York a deficiency of 2°41; Harrisburg, deficiency, 2°77; Pittsburgh, defi- 
ciency, 0°77, and Erie, deficiency, 3°01 inches. 
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' From January 1, 1893, to September 30, 1893, the deficiency in tempera- 
ture was, at Philadelphia, 315°; York, 445°; Pittsburgh, 404°, and at Erie, 
403°. 

For the same period the deficiency in precipitation was, at Philadelphia, 
2°99; York, 7°03; Harrisburg, 9°48, and at Pittsburgh and Erie an excess of 
0°99 and inch, respectively. 


EXCESSIVE PRECIPITATION, 


[One inch. in one hour, or two and one-half inches in twenty-four hours.) 


Amount. 
STATIONS. | (Inches and Time, Date, 
| Hundredths.) 
A. m. 
1°36 : r5th, 4.58 to 5.58 p. m. 
2°56 3 25 15th, 2.20 p. m. to 5.45 p. m, 
2°51 2 30 rsth, 5.00 p. m, to 7.30 p. m. 
° 3° 15th, 1.40 p. to 2.10 p. m 
Mean 
Mean Precipitation. 
Temperature. Inches. 


TEMPERATURE, 

The mean temperature for September, 1893, was 60°'9, which is 2°02 below 
the normal, and 1°4 below the corresponding month of 1892. 

The mean of the daily maximum and minimum temperatures, 71°°7 and 
50°7, gives a monthly mean of 61°2, with an average daily range of 21°'o. 

Highest monthly mean, 66°0 at Philadelphia. [Weather Bureau. ]} 

Lowest monthly mean, 53°°2 at Wellsboro. 

Highest temperature recorded during the month, go° on the 5th at Hunting- 
don, on the 1gth at Carlisle, and on the Igth and 2oth at Somerset. 

Lowest temperature, 26° on the 29th at New Castle, and on the 30th at 
Huntingdon. 

Greatest local monthly range, 63° at Hollidaysburg. 

Least local monthly range, 41° at Coopersburg. 

Greatest daily range, 45° at Huntingdon on the 22d. 

Least daily range, 2° at Chambersburg, on the 13th. 


BAROMETER. 
The mean pressure for the month, 30°04, is about *o4 below the normal. 
At the United States Weather Bureau Stations, the highest observed was 


30°38 at Harrisburg on the 27th, and the lowest 29°64 at Philadelphia on the 
16th. 
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PRECIPITATION, 


The average rainfall, 2°67 inches for the month, is a deficiency of 0°86 
inch, 

The largest monthly totals in inches were Hamburg, 559; Kennett Square, 
4°24, and Drifton, 4°19 inches. 

The least were Saegertown, 0°72; Lock No. 4, Ito, and Erie, 1°13 
inches. 

WIND AND WEATHER. 

The prevailing wind was from the West. 

Average number: rainy days, 8; clear days, 9; fair days, 12; cloudy 
days, 9. 

MISCELLANEOUS PHENOMENA. 

Thunder-storms.—Blue Knob, 5th, 6th, 7th, 15th, 16th, 22d; Hollidays- 
burg, 6th, 7th, rsth, 22d; Le Roy, 7th, 14th; Quakertown, 7th, 15th, 16th; 
Johnstown, sth, 16th, 22d; Emporium, 5th, 7th, 15th; Mauch Chunk, 15th, 
16th ; State College, 7th; Coatesville, 15th, 22d, 25th; Kennett Square, 7th, 
isth, 22d; Phoenixville, 7th; Lock Haven, 7th, 15th; Bloomsburg, 7th, 
isth ; Saegertown, 6th; Carlisle, 7th, 22d; Harrisburg, 5th, 6th, 15th, 16th ; 
Uniontown, 22d ; Chambersburg, 6th ; Huntingdon, 6th, 7th, 15th; Kilmer, 
sth, 6th, 15th, 16th; Lancaster, 15th; Lebanon, 7th, 15th; Drifton, 7th, 14th, 
sth, 16th, 25th; Wilkes-Barre, 7th, 15th ; Smethport, 7th, 15th; Pottstown, 
7th, 15th ; Skippack, 7th; Aqueduct, 5th, 7th, 15th; PAd/ade/phia, 7th, 15th, 
16th, 22d, 25th; [Centennial Avenue], 7th, 14th, 15th, 16th, 2oth, 22d, 25th ; 
Blooming Grove, 7th; Girardville, 7th, 15th, 16th; Selins Grove, 7th; 
Somerset, 7th, 19th; Wellsboro, 7th, 15th; Dyberry, 7th, rsth, 16th; Salem 
Corners, 7th, 15th; South Eaton, 7th, 15th; York, 15th, 22d. 

Hail.—Blue Knob, 7th; Wysox, 7th; Emporium, 5th, 7th; Phoenixville, 
7th; Lock Haven, 15th; Bloomsburg, 7th; Lebanon, 15th ; Aqueduct, 15th ; 
Blooming Grove, 7th; Girardville, 7th; Selins Grove, 7th; Dyberry, 7th, 
15th. 

Frost.—Pittsburgh, 27th, 28th, 29th, 30th ; Blue Knob, 2d, 21st, 26th, 27th, 
28th, 29th, 30th ; Hollidaysburg, 30th ; Wysox, 30th ; Le Roy, 26th, 27th ; Quaker- 
town, 28th ; Johnstown, 27th, 28th, 29th, 30th ; Emporium, 2gth ; State College, 
27th, 30th ; Grampian, 26th, 27th, 28th ; Lock Haven, 29th, 30th; Bloomsburg, 
30th ; Saegertown, 28th, 29th, 30th; Carlisle, 21st; Uniontown, 3d, 27th, 
28th, 29th; Kilmer, 30th; New Castle, 25th, 26th, 27th, 28th, 29th, 30th ; 
Lebanon, 18th, 27th, 28th; Coopersburg, 27th; Drifton, 3d, 26th, 27th; 
Wilkes-Barre, 28th, 29th, 30th ; Smethport, 26th; Skippack, 7th, 28th, 29th, 
30th ; Aqueduct, 3d, 26th, 30th; Blooming Grove, 2oth, 21st, 22d, 23d, 24th, 
25th, 26th, 27th, 28th, 29th, 30th; Girardville, 3d, 6th, 21st, 26th, 27th, 28th, 
29th, 30th; Selins Grove, 26th, 27th, 29th, 30th; Somerset, 3d, 4th, 28th, 
29th, 30th; Wellsboro, 3d, goth, 21st, 26th, 27th, 28th; Lewisburg, 30th; 
Dyberry, 3d, 21st, 27th, 28th, 30th; Honesdale, 3d, 26th, 27th, 28th, 29th, 
30th ; Salem Corners, 26th, 27th, 28th, 29th; Ligonier, 29th, 30th; York, 3d, 
28th, 29th, 30th. 

Snow.—Girardville, 29th. 
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Aurora.—Johnstown, 8th ; Coatesville, 21st; Dyberry, 8th ; Salem Cor- 
ners, 2d, 3d, 7th, gth, roth, 11th, 12th, 30th. 

Corone.—Emporium, 22d, 23d ; Lebanon, 24th; Philadelphia [Centen- 
nial Avenue], 26th; York, 26th. 

Solar Halo.—Johnstown, 26th; Bloomsburg, 30th; Saegertown, 30th ; 
Philadelphia, oth, 30th ; [Centennial Avenue], oth, 1oth, 12th, 30th ; Wells- 
boro, 17th, 30th ; Salem Corners, 26th. 

Lunar Halo—Blue Knob, 24th; Saegertown, 29th; Somerset, 23d ; 
Wellsboro, 22d. 
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PENNSYLVANIA STATE WEATHER SERVICE, 


UNDER THE DIRECTION OF THE FRANKLIN INSTITUTE, 


OO-OPERATING WITH THE 


UNITED STATES DEPARTMENT OF AGRICULTURE, WEATHER BUREAU 


T. F. TowNSEND, WEATHER Bureau, L. F.O. In CHARGE. 


MONTHLY WEATHER REVIEW. 
For OCTOBER, 1893. 


HALL OF THE FRANKLIN INSTITUTE, 
PHILADELPHIA, October 31, 1893. 


GENERAL REVIEW. 


October's normal temperature and rainfall is about 49°7 and 3°47 inches. 
The present month has been 3° warmer than the average, and the rainfall 
a quarter of an inch less. 

The warmest period was between the gth and the 11th, and the coldest 
occurred during the last three days of the month, when killing frosts were 
general throughout the State. 

The centre of the cyclonic storm of the 13th and 14th passed nearly due 
north over the central portion of the State, attended by high winds and 
heavy rains. A large amount of damage was done at various points to 
buildings, fruit and shade trees, fences and telegraph poles. 

The Philadelthia Record, of the 14th, says: “Ample warning of the 
approach of yesterday's storm was given by the Weather Bureau. One such 
timely notification is well worth the amount of cost of the weather obser- 
vation service.’’ Heavy and general rains occurred during the month, on the 
4th, 7th, 13th, 14th, 23d, 27th and 28th. 

From January 1, 1893, to October 31, 1893, the deficiency in temperature 
was, at Philadelphia, 282°; Pittsburgh, 401°, and York, 364°. 

For the same period the deficiency in precipitation was, at Philadelphia, 
2°61; York, 7°24; and excess at Pittsburgh, 1°58 inches. 
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EXCESSIVE PRECIPITATION. 


[One inch in one hour, or two and one-half inches in twenty-four hours.) 


Amount, 
STATIONS. (Inches and | Time Date. 
Hundredths.) 


A. 
Swarthmore, 3°00 24 — 2ad, 23d. 
Mean 
Mean Precipitation. 
Temperature. Inches. 


TEMPERATURE, 


The mean temperature for October, 1893, was 52°°8, which is 3°1 above 
the normal, and 2°°3 above the corresponding month of 1892. 

The mean of the daily maximum and minimum temperatures, 63°9 and 
42°2, gives a monthly mean of 53°°0, with an average daily range of 21°°7. 

Highest monthly mean, 580 at Philadelphia. [Weather Bureau. ] 

Lowest monthly mean, 46°°o at Wellsboro. 

Highest temperature recorded during the month, g1° on the gth at Coates- 


ville. 
Lowest temperature, 17° on the 31st at Hollidaysburg and Smethport. 


Greatest local monthly range, 69° at Coatesville and Ligonier. 

Least local monthly range, 42° at Altoona. 

Greatest daily range, 53° at Ligonier on the rith. 

Least daily range, 2° at Coopersburg, 4th; Chambersburg, 5th; Blue 
Knob, 15th, and Dyberry, 23d. 


BAROMETER, 


The mean pressure for the month, 30°10, is about ‘03 above the normal. 
At the United States Weather Bureau Stations, the highest observed was 
30°53 at Pittsburgh on the 17th, and the same at Philadelphia on the rgth, 
and the lowest 29’05 at Erie on the 14th. 


PRECIPITATION, 
The average rainfall, 3°26 inches for the month, is a deficiency of 0°22 
inch, 


The largest monthly totals in inches were Blue Knob, 6°58; Beaver Dam, 
5°63; Stoyestown, 4°61; New Castle, 4°59; and Kilmer, 4°41 inches. 
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The least were Bloomsburg, 1°18; Wysox, 1°33; Blooming Grove, 1°51, 
and Wilkes-Barre, 1°70 inches. 


WIND AND WEATHER. 


The prevailing wind was from the Northwest. 
Average number: rainy days, 8; clear days, 14; fair days, 8; cloudy 
days, 9. 
MISCELLANEOUS PHENOMENA. 


Thunder-storms.—Blue Knob, 14th; Forks of Neshaminy, 27th; Em- 
poriu n, 24th; Wellsboro, 24th. 

Hfail.—Blue Knob, 28th. 

Snow.—Blue Knob, 15th, 16th, 28th, 29th; Le Roy, 16th, 19th, 30th; 
Forks of Neshaminy, 30th ; Johnstown, 29th; Emporium, 29th, 30th ; Mauch 
Chunk, 30th; Coatesville, 30th; Bloomsburg, 29th; Saegertown, 28th; 
Coopersburg, 30th; Wilkes-Barre, 30th; Smethport, 28th, 30th ; Pottstown, 
30h; Philadelphia [Centennial Avenue], 30th; Girardville, 29th, 30th; 
Selins Grove, 29th; Wellsboro, 30th ; Dyberry, 29th, 30th; Salem Corners, 
16th; Ligonier, 29th; Phoenixville, 29th. 

Frost.—Pittsburgh, 18th, 19th, joth; Blue Knob, 2d, 8th, roth, 
rsth, 16th, 17th, 18th, roth, 2oth, 25th, 26th, 27th, 28th, 29th, 30th, 31st; 
Hollidaysburg, tst, 2d, 17th, 18th, 26th, 30th, 31st; Wysox, Ist, r1th, 16th, 17th, 
18th, 19th, 26th, 31st; Le Roy, 16th, 17th, 26th, 29th, 30th, 31st; Forks of 
Neshaminy, 11th, 16th, 17th, 2oth, 26th, 30th, 31st ;- Emporium, 2d, 3d, roth, 
11th, 17th, 18th, rgth, 26th, 31st; Mauch Chunk, 17th, 18th, 26th, 30th, 31st; 
State College, 1st, 2d, 17th, 18th, roth. 26th, 31st; Coatesville, 1st, 11th, 
i7th, 18th, 30th, 31st; Kennett Square, 11th, 12th, 15th, 18th, rgth, 
20th, 23d, 29th, 31st; Westtown, 17th, 18th, 30th, 31st; Grampian, 2d, 
17th, 18th, 31st; Lock Haven, 1rith, t7th, 18th, 19th, 20th, 26th, 3oth, 
31st; Bloomsburg, 17th, 18th, 26th, 30th, 31st; Saegertown, 1st, 2d, 3d, 
oth, 11th, 12th, 18th, 19th, 27th, 28th, 31st; Carlisle, Ist, 30th, 31st; 
Harrisburg, Ist, 17th, 18th, 30th, 31st; Edinboro, 29th, 31st; Hunting- 
don, 2d, 31st; Lancaster, 17th, 26th, 30th, 31st; Lebanon, ist, 17th, 18th, 
26th, 30th, 31st; Coopersburg, 30th, 31st; Drifton, 16th, 17th, 18th, 28th, 
30th ; Wilkes-Barre, oth, 17th, 26th, 31st; Easton, Ist, 17th, 18th, 26th, 30th, 
31st; Philadelphia [Weather Bureau],- 17th, 18th, 20th, 26th, 30th, 31st; 
|Centennial Avenue], 17th, 18th, 20th, 26th, 30th, 31st; Girardville, 8th, gth, 
11th, 12th, 16th, r7th, 18th, 20th, 26th, 28th, 29th, 30th, 31st ; Somerset, 1st, 
2d, 3d, 8th, 17th, 18th, 19th, 28th; Wellsboro, 1st, 2d, 8th, 11th, 17th, 18th, 
Igth, 29th, 30th, 31st; Lewisburg, Ist, 2d, 17th, 25th, 26th, 29th, 30th, 31st; 
Dyberry, rst, 8th, 11th, 12th, 17th, 18th, roth, 26th, 30th, 29th, 31st; Honesdale, 
Ist, 1th, 17th, 18th, 19th, 26th, 29th, 30th, 31st; Salem Corners, 17th, 26th, 
30th, 31st; York, 1st, 17th, 18th, 26th, 30th, 31st; Phoenixville, 17th, 18th, 
26th, 30th, 31st; Skippack, rst, 2d, 12th, 16th, 17th, 18th, 2oth. 

Sleet.—Blue Knob, 21st. 

Aurora.—Le Roy, 2d; Selins Grove, 24th; Salem Corners, 1st, 3d, 5th, 
8th, 
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Corone.—Emporium, 26th; Lebanon, 25th, 30th. 

Solar Halo.—Philadelphia [Centennial Avenue], 12th ; Wellsboro, 22d ; 
Dyberry, 26th. 

Lunar Halo.—Forks of Neshaminy, 19th ; State College, 24th ; Lancas- 
ter, 20th; Lebanon, 20th ; Somerset, 21st; Wellsboro, 26th ; Salem Cor- 
ners, 2oth, 

Meteors.—State College, 31st; Philadelphia [Centennial Avenue], 17th, 
30th. 

Parhelias.—Dyberry, 26th. 
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DECEMBER WEATHER. 


From United States Weather Bureau Records. 


The following data, compiled from the records of observations taken dur- 
ing the length of time given at each station, show the average and extreme 
conditions during that time, and also the range within which weather varia- 
tions may be expected to keep in any future December. 


Mean or normal, 


Warmest December, . 
Average, 


Coldest December, 
Average, 


Highest 


Lowest temperature recorded, . . 


Average date of first 
frost, 


Average precipitation (inches),. . . 


Average number of seas with ‘or 
inch or more, ‘ 


Greatest amount in 24 hours, ... . 


Philadelphia, 


Pittsburgh. 
(23 years.) 


34° 
1889 
46° 


1876 


23° 


73° 
goth, 1885 


kill:ng’’ 


October 28th 


5°06 
1887 


0°83 
1877 


Minus 9° 
goth, 1880 


October 21st 


2°85 


Greatest amount snowfall in 24 hours, 


Average number clear da 
Partl 


Prevailing direction of wind,. . . 


Highest velocity, miles per hour, . 


6°00 
r7th, 18th, 1887 


2°35 
16th and 17th, 1890 


16°50 
16th and 17th, 1890 


52 
1875, 1876 
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BULLETIN For tHE MONTH or OCTOBER, 1893 


To MEMBERS OF THE INSTITUTE: 
The Stated Meeting will be held on 
WEDNESDAY, OCTOBER 18, 1893, at 8 o’clock, P.M. 


The following program has been approved by the Com- 
mittee on Meetings: 


Mr. C. J. Hexamer will continue his exhibit of lantern 
views: of the World’s Fair, with appropriate comments 
thereon. 


The Electric Cloth-cutting Machine of the Electric Cut- 
ter Company, of New York, will be described and shown in 
operation. 


The Secretary's Report. 


Report of the Board of Managers on the proposition for 
holding an exhibition in 1894. 
Wma. H. WAHL, Secretary. 


SCHEDULE or MEETINGS. 


on Library, Monday, Oct. 2, 4 P. M. 
Committee on Science and the Arts, . . . Wednesday, Oct. 4, 8 P. M. 
Board of Managers, . Wednesday, Oct. 11, 8 P. M. 
Secon, Tuesday, Oct. 24, 8 P. M. 
Committee on Meetings, ........ Wednesday, Oct 25, 12 M. 
Engineers and Naval Architects, . . . . Wednesday, Oct. 25, 8 P. M. 


133" MEMBERS are requested to present to the library 
copies of books, magazines and pamphlets (especially the 
latter), which they do not wish to preserve. A card addressed 
to the Librarian, notifying him when and where to send for 
such gifts, will receive prompt attention. 


} 
it 


BULLETIN For THE MONTH or NOVEMBER, 1893. 


MEMBERS OF THE INSTITUTE are hereby advised that the 
Committee on Meetings has approved the following pro- 
gram for the stated meeting of Wednesday, November 15, 


1893: 

Mr. C. J. Hexamer will conclude his exhibition of lantern 
views of the World’s Fair, with appropriate comments 
thereon. 


Several matters of importance and interest are expected 
to be ready for presentation. 


The Secretary's Report. 


Wm. H. WAHL, Secretary. 


SCHEDULE or MEETINGS. 


Committee on Science and the Arts, . . . Wednesday, Nov. 1, 8 P. M. 
Committee on Library,. ........ Monday, Nov. 6, 4 P. M. 
Tuesday, Nov. 28, 8 P. M. 
Committee on Meetings, ........ Wednesday, Nov. 29, 12 M. 
Engineers and Naval Architects, . . . . Wednesday, Nov. 29, 8 P. M. 


[33> MEMBERS are requested to present to the library 
copies of books, magazines and pamphlets (especially the 
latter), which they do not wish to preserve. A card addressed 
to the Librarian, notifying him when and where to send for 
such gifts, will receive prompt attention. 


Corr 


+f 

Sc 

HENR 

: ALFRI 

DE VC 

BUI 

HAR 

ALBE! 

CHAR 

REV. | 

james 

ILLI 

THOM 

ADAM 

DAVII 

WILLI 

T 

; that ap 

provid 

withou 

the ac 

Fi 


Journal of the Franklin Institute—Advertisements. 


TRAUTWINE’S. POCKET BOOK 


“ Without doubt it has proved itself to be the most useful hand- 
book in the language for the engineering profession.” — Zngin- 
cering and Mining Fournal, August 25, 1888. 


E. & F. N. Spon, London. 
Joun Witey & Sons, New York. 


CRITERION and PAKABULON MAGIC LANTEKNS 


and Stereopticons, Oil, Lime, or Electric Light, Views illustrating 
Worid’s Fair, Roman and Medieval Art, Scripture, Temperance and 
hundreds of other subjects for profitable public lectures or private 


COLT & CO., St.. New York. 


A NEW | 


For use on low tension, continuous current 


NOW READY. 


Correspondence Solicited. 


THE STEVENS INSTITUTE OF TECHNOLOGY. 


School of Mechanical Engineering. 
Founded by the late Edwin A. Stevens, at Hoboken, N. J. 


HENRY MORTON, Ph. D.,.... President. 
ALFRED M. MAYER, Ph. Oe Professor of Physics. 


DE VOLSON WOOD, "A.M neering. 
BURKITT WEBB, C.E., Professor of Mathematics and Mechanics. 
CHAR LES W. MacCORD ‘a. M., Sc, D., Professor of Mechanical Drawing, 
DS, Ph. d., Professor of Theoretical Chemistry. 


> Professor of An: 
ADAM RIESENBERGER, M. E., Instructor in Mec 
DAVID S. {ACOBUS, M. -E, Instructor in Experimental Mechanics and Shep W 
WILLIAM Instructor in 


The Course of the Stevens InstTITUTE is of four years’ duration, and covers all 
that appertains to the profession of a Mechanical Engineer. By means of wor 
provided with excellent machinery, Physical Laboratories whose appointments are 
without an equal, and with the finest Cabinets of Instruments, every opportunity for 
the acquisition of thorough and practical knowledge is afforded. 


For further particulars, address the President, 
H. MORTON, Hoboken, N. J. 


. 
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| | 
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{AMES E. DENTON, M.E.,. .... . . Professor of Experimental Mechanics and Shop Work. 7 
ILLIAM E. GEYER, Ph.D.,................ . Professor of Applied Electricity. | 
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H. M. SCIPLE. J. M. GILLESPIE, H. P. SAYFORD. 


Boilers, Engines, Pumps, 


EVERY STYLE AND FOR EVERY DUTY. 
Rlectric Light and Street Railroad Work a Specialty, 


3d and Arch Streets, 
PHILADELPHIA. 


ARDAAS:- AND: LEGS 


WITH RUBBER HANDS AND FEET. 


The use of rubber handsand feet on artificial limbs ? 
simplifies the construction so that limbs can be worn for 
many years without requiring repairs. Persons en 
in every conceivable occupation operate on rubber feet 
or use rubber hands to great advantage. 


Satna, Kas. 
Mr. A. A. MARKS. 

Dear Sir :—After having worn one of your artificial 
legs with rubber foot for more than fifteen years, I have 
no hesitation in saying it is the best leg in use; as it is 
simple and the most durable of any I have seen. I 
have examined and worn five different makes since 1862 
and find noneas usefulas yours. I can heartily recom- 
mend the rubber foot as the most durable and easy to 
handle. [I ama blacksmith and shoe horses. I have 
dug wells and quarried stone, and other heavy work. 
I can walk farther in a given time than any man can 
on any other kind of a leg, with the same length of 
stump as mine; it is only three inches from hip joint, 


Yours, etc., E. LINCOLN. 


By our copyright formula applicants can supply us 
with all the data necessary t» secure a fit while they “ 
remain at home. One-half the leg:and arms furnished by usare made from measurements 
and profile. without our seeing the wearers. Fit always guaranteed. A Treatise of 430 pages, 
with 260 iDustrations and a thousand endorsements and testimonials sent FREE. 


701 BROADWAY, NEW YORKCITY 
A. A. MAR KS, ESTABLISHED 40 Li pong 
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BEMENT, MILES CO. 


Successors to 
W. B. BEMENT & SON and THE MACHINE TOOL WORKS, 


PHILADELPHIA, 


MANUFACTURERS OF 


Metal Working 


Machine Tools 


.of all descriptions, and a great 
number of sizes, including 


Lathes, Planers, Drills, Shapers, Slot- 
ters, Milling and Boring Machines, 
Steam Hammers, Steam and Hydraulic 
Riveters, Cranes, Punches, Shears, 
Bending Rolls, Plate Planers, Etc., Ete. 


N. J. R. R. AVE. 


GREEN AND BRUEN STS, 
NEWARK, N. J. 


SHAPERS 


50 to (00 Per cent. more 
stroke given over any 
other make on the 
market. 


PROMPT SHIPMENT ON ALL SIZES. 


Cut represents 16”, 20” and 24 strokes. 


Triple Quick Stroke” 


(TRADE MARE.) 
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Southwark Foundry and Machine Co. 


PHILADELPHIA, PENNA. 


CHICAGO, 554 Rookery, 
ST, LOUIS, % Laclede 


SOLE MAKERS OF THE 


PORTER- ALLEN AUTOMATIC ENGINE. 


Simple, Compound or Triple Expansion. 
ALSO BUILDERS OF 


GLOWING ENGINES, REVERSING ENGINES, HYDRAULIC CRANES, 
CENTRIFUGAL PUMPS, ACCUMULATORS, BOILERS, TANKS, Eto, 


The Indispensable Lathe Dog 
DROP FORGED FROM BAR STEEL. 


ONE SET OF THREE, INCLUDING Nos. |, 2 and 
3, WILL DO THE WORK OF FROM TEN 
TO TWELVE ORDINARY DOGS. 


No, 0 for Tool 
to Linch, price, each 


Me No. 1 for General Lathe Work takes from Y%tol\ 
‘ 2 for General Lathe Work takes from 4 to A, 
inch, price, each, 
‘ 8 tor General Lathe Work takes from 1 to i 
inch, price, each, 
Price, per set of three, including Nos. 1, 2 and 3, 
‘taking from 4 to 3% inches, 


PALMER, CUNNINGHAM & CO,, Limited, 607 Market St., Philadelphia, Pa, 


Craphite Plumbago Black Lead. 


This wonderful mineral is used in hundreds of ways in the mechanical arts, and experts 
in all departments of knowledge should avail themselves of the information which we have 
accumulated during our experience of over sixty years, Pamphlets free. 


JOS. DIXON CRUCIBLE CO., Jersey City, N. J. 


| 
| | 
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Wm. Sellers & Co. 


INCORPORATED. 


PHILADELPHIA, PA. 


MANUFACTURERS OF 


Machine Tools for Working Iron and Steel 


PLANERS, DRILLING AND BORING MACHINES, LATHES, ETC. 


Steam and Hydraulic Riveters, Steam 


Hammers, 


PUNCHING AND SHEARING MACHINES, BENDING ROLLS, PLATE 
PLANERS, ETC. 


Improved High Speed Travelling Cranes. 


POWER SWING CRANES. 


Turn-Tables. 


Shafting, Pulleys, Hangers, Etc., Etc. 


Injectors for Locomotive, Stationary and 
Marine Boilers. 


Improved Testing Machines, 


UNDER PATENTS OF A. H. EMERY. 


GRAND PRIZE, PARIS, 1889. 
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PHOSPHOR-BRONZE | 

INGOTS, CASTINGS, WIRE, SHEET &c. | 

HE PHOSPHOR BRONZE SMELTING CO. LIMITED 
512 ARCH ST. PHILADELPHIA PA.U.S.A. 


ORICINAL MANUFACTURERS OF PHOSPHOR- 
BRONZE IN THE UNITED STATES AND SOLE 


Makers or ELEPHANT BRAND PHoseHor-Bronze, 


WARNER & SWASEY 
Machine Tools 


——FOR— 


/RON AND BRASS WORK. 


Cleveland, 0, 


METALINED OR OILLESS BEARINGS 

ee no oil or other lubricant, 

either at the start or occasionally 

afterward, and will run dry for years, 

as can be demonstrated by use or the 

testimony of our many customers. 

There are cheap imitations on the 

market, called ‘“Self-lubricating,’’ 

“Anti-friction,” etc., etc.,which look well and peevesty 
give satisfaction at the start, but eventually fail to stand the test of time and 
service, although claiming to be superior or equal to Metalined Bearings. 

Until Metaline was first introduced to the public, no one had ever success- 
fully run a bearing for any length of time without the use of oil or some other 
lubricant. We are the successors of the original Company which first placed 
this Oilless Bearing on the market and are now the sole and exclusive 


manufacturers. North American Metaline Co. 


West Avenue, near Ferries. LONG ISLAND CITY, N. ¥. 
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PRENTICE BROS. 


WORCESTER, MASS. 


Makers of Vertical Drill Presses from 12 to 50- 
inch swing; also Universal Radial Drills in 
two sizes, from 48 to 72-inch, and ten sizes of 
Gang Drill weighing from 4,000 to 30,000 Ibs, 
Boiler Wall Drills, Radial Counter Sinking 
and Drilling Machines, with 15-foot arm, for 
ship-plate and bridge work. Lathes from 12 
to 28-inch swing, any length of bed. 


Harington, Son & 


Established 1867. 


INCORPORATED. % 
1505 Penna. Ave., Philadelphia, Pa. 
DOUBLE CHAIN ce Machine Tools 


MADE ON SCIENTIFIC 
PRINCIPLES. 


SCREW 
HOISTS. 


Power Transmitting Machinery. 


St. and Ave , Phila., Pa. 


ROPE WHEELS WHEELS OF ALL 


FOR | Ley DIAMETERS 
AND NUMBER OF 
GROOVES AND 
HEMP, FOR ANY 
COTTON OR DIAMETER OF 
LEATHER ROPES. ROPES. 


Our Wheels are accuratel M turned in the grooves, insuring the most satisfac- 
tory results in transmission of power by ropes. We make the heels suitable for 
Single Rope or Wound System. 
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Text Books for Schools and Colleges. 


—ALSO— 


Works relating to Electricity, Civil and Mechanical 
Engineering, Mining, Surveying, Archi- 
tecture and Building. 


BOOKS IN THE PRESS. 


A Practical Treatise on the Steam Engine. By Arthur Rigg. Second Edition. 

A —— Treatise on Naturaland Artificial Donerete. By Henry Reid. New 
ition. 

The — and Artof the Manufacture of Portland Cement. By Henry Reid, New 
ition. 


NEW EDITIONS NOW READY. 


23d Edition, revised and enlarged of Molesworth’s Pocket Book of Formule and Memoranda 
for Engineers. 32mo, limp leather, $2.00. 

A Handbook of Electrical Testing. By H. R. Kemp, M.Inst. KE. E. One of the best 
known authoriies on this subject. Fifth Edition, revised and greatly enlarged. 576 

ges, 200 illustrations, 8vo, cloth, $7.25. 

Electrical Tabies and Memoranda, By Prof. Silvanus P. Thompson. 128 pages, illus- 
trated, 64mo, roan, round corners, gilt edges. Vest pocket edition, 50 cts. 

Electricity: its Theory, Source and Applications. By John T. Sprague. Third Edition, 
revised and enlarged. 658 pages, illustrated, 12mo, cloth, $6.00. 

Steam Ships and thetr Machinery, from first to last. By J. W.C. Haldane. 532 pages, 
120 illustrations and two folding plates, 8vo, cloth, $6.00. 

The ——— of Marine Engineering. By T. Main. 248 pages, 94 illustrations, 12mo, 
cloth, $3.00. 

Plumbing, Drainage, Water Supply and Hot Water Fitting. By John Smeaton, 236 
pe eS, 222 illustrations, 8vo, cloth, $3.00. 

Metal Plate Work, its patterns and their geometry, also notes on metals and rules in 
mensuration. ByC. T. MILLIS. Second Edition, revised and enlarged. 377 pages, 
314 illustrations, 12mo, cloth, $3.50 

A Manual of Lime and Cement: their treatment and use in construction. By A. H. 
Heath. 215 pages, with folding plate, 12mo, cloth, $2.50. 

Natural Asphalt and Mineral Bitumen. By W.H. Delano, 73 pages, 33 illustrations, 
12mo, vellum, 

Dynamo-Electric Machinery. A manual for students of Electrotechnics. By Silvanus P. 
Thompson, B. Sc., B. A. Fourth Edition, greatly enlarged. 864 pages, 498 illustra- 
cone pas 29 folding plates, 8vo, cloth, $9.00. This book is the greatest authority on 

e subject. 

Short Lectures to Electrical Artisans. By J. A. Fleming. Fourth Edition. 210 pages, 
illustrated, :2mo, cloth, $1.59. 

Continental Electric Light Central Stations. By Killingworth Hedges. 210 pages, 25 
folding plates. 153 illustrations, gto, cloth, $6.00. 

Electrolysis. A practical treatise on nickeling, coppering, gilding, silvering and refining 
of metals. By H. Fontaine. 256 pages, 34 illustrations, 8vo, cloth, $2.50. 

Electricity as a Motive-Power. Translated by C. J. Warton. Over 100 illustrations, 8vo, 
cloth, $3.00. 

Practical Fiectrical Notes and Definitions. By Perren Maycock. Second Edition. 
revised and enlarged. 286 pages, illustrated, 32mo, cloth, $1.25. 

Practical Electrics. A universal handy book on every-day electrical matters. Fourth 
Edition. 135 pages, t2mo, cloth, 75 cts. , 

Electric Lighting for Marine Engineers, or how to cx a ship by the electric light, and 
how to keep the apparatus in order. By S. F. Walker. 293 pages, 134 illustrations, 
t2mo, cloth, $2 00. 

The Handy Sketching Book, for the use of engineers and draftsmen for rough sketching. 
The paper is sectional to exact eighths of an inch, and is printed from specially pre- 
pared plates, NOT RULED. Size of book, 8ins.x5ins., neatly bound in boards, 
with three use tables. Price, 25 ca; per dozen books, $2.50. Books mailed, postpaid, 
to any address on receipt of published price. 


DESCRIPTIVE CIRCULARS ON APPLICATION. 


SPON & CHAMBEBLAIN, 


PUBLISHERS OF SCIENTIFIC AND INDUSTRIAL BOOKS, 


12 Cortiandt Street, NEW YORK. 
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WE GIVE SPECIAL ATTENTION TO THE 


PRINTING 


CATALOGUES, PRIGE-LISTS AND GIRGULARS 


Our Designs are tasteful. Our prices are moderate. Our facilities 
for promptly filling all orders, whether large or 
small, are unsurpassed, 


Printing also in German, French, Spanish or Italian 


(INCLUDING TRANSLATION.) 


EDWARD STERN & CO. 


BOOK, NEWSPAPER AND JOB PRINTERS, 
N. E. CORNER TENTH AND FILBERT STS., PHILADELPHIA. 


JOSEPH HANSON, Treas ABRAHAM VAN WINKLE, Pres. FREDERICK S. WARD Sec. 


ESTABLISHED 1820. INCORPORATED i891. 


The Hanson & Van Winkle Co. 
ACIDS, CHEMICALS, DYE STUFFS, 4&C. 


MANUFACTURERS OF NICKEL AND ELECTRO PLATERS' 
MATERIALS 
AND THE NEW & V.W."’ DYNAMO-ELECTRIC MACHINES 
FOR ELECTROPLATING AND ELECTROTYPING 
LACQUERS FOR ALL PURPOSES. 


NO. 81 LIBERTY STREET, NOS. 2194221 MARKET ST. 35 & 37 S. CANAL ST. 
NEW YORK. NEWARK, N. J. CHICAGO. 


ELECTRICAL EXHIBITION, L, COLUMN 4. 


BHLEVATORS, 


PASSENGER AND FREIGHT 
FOR HOTELS AND BUSINESS HOUSES 
HYDRAULIC AND STEAM-POWER. 


Hoisting Machinery for Iron Furnaces, Mines, Inclined Planes 
PORTABLE HOISTS, AND ALL KINDS OF HOISTING 
MACHINERY A SPECIALTY. 


STOKES & PARRISH ELEVATOR CO. 


MAIN OFFICE: BULLITT BUILDING, PHILADELPHIA. 
New York Office: 18 Cortlandt St. Works: 30th & Chestnut Sts., Philadelphia. 
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The Boyden Premium. 


URIAH A. BOYDEN, ESQ., of Boston, Mass., has deposited with the 
FraNKLIN LystiTUTE the sum of one thousand dollars, to be awarded as a Pre- 
mium to 


“Any resident of North America who shall determine 
by experiment whether all rays of light, and 
other physical rays, are or are not trans- 
mitted with the same velocity.” 


The following conditions have been established for the award of this Premium : 

1. Any resident of North America, or of the West India Islands, may be a com. 
petitor for the Premium; the southern boundary of Mexico being considered as the 
southern limit of North America. 

2. Each competitor must transmit to the Secretary of the FRANKLIN INSTITUTE a 
memoir, describing in detail the apparatus, the mode of experimenting, and the results; 
and all memoirs received by him before the first day of January, one thousand eight 
hundred and ninety-four, will, as soon as possible after this date, be transmitted to the 
Committee of Judges. 

3. The Board of Managers of the FRANKLIN INSTITUTE shall, before the first day of 
January, one thousand eight hundred and ninety-four, select three citizens of the United 
States of competent scientific ability, to whom the memoir shall be referred; and the 
said Judges shall examine the memoirs and report to the FRANKLIN LNSTITUTE whether, 
in their opinion any, and, if so, which of the memoirs is worthy of the Premium. And, 
on their report, the FRANKLIN INsTITUTE shall decide whether the Premium shal] be 
awarded as recommended by the Judges. 

4. Every memoir shall be anonymous, but shall contain some motto or sign by which 
it can be recognized and designated, and shall be accompanied by a sealed envelope, 
endorsed on the outside with some motto or sign, and containing the name and ad- 
dress of the author of the memoir. It shall be the duty of the Secretary of the FRANK- 
LIN INSTITUTE to keep these envelopes securely and unopened until the Judges shall have 
finished their examination; when should the Judges be of opinion that any one of the 
memoirs is worthy of the premium, the corresponding envelope shall be opened, and 
the name of the author communicated to the INSTITUTE. 

5. Should the Judges think proper, they may require the experiments described in 
any of the memoirs to be repeated in their presence. 

6. The memoirs presented for the Premium shall become the property of the 
FRANKLIN INsTITUTE, and shall be published as it may direct. 

Nore,—The sealed envelopes provided for in condition No, 4, which “y | accom. 

e Board 


pany unsuccessful memoirs, will be destroyed unopened, in the presence of 
of Managers. 
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THE 


STANDARD 


STEEL WORKS. 


Locomotive and Car 
Wheel Tires. 


PHILADELPHIA, PA. 


METAL PLATE ENGRAVINGS 


— FOR 


Scientific, Artistic and Commercial Illustration, 


EXECUTED FROM 


Models, Sketches, Designs, Photographs, &c. 


These plates are furnished in hard type-metal, ready for use in the printing press ; 


they are superior to wood-cuts, in accuracy and detail, and lower in price. 
We make a specialty of the manufacture of Illustrated Catalogues. ADDRESS, 


CoO. 
7th and Chestnut Sts., Philadelphia. 


J. G. BRILL. GEO, M. BRILL, JAMES RAWLE, 


PHILADELPHIA CAR WORKS. 


j. G. Brill & Co., Car Builders 
Philadelphia. 


Railway and Tramway cars of all kinds. Particular atten- 
tion given to building of cars for export. 


WILLIAM CRAMP & SONS’ 


Ship and Engine Building Co. 


PHILADELPHIA. 


THO 


GEO. 
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United Gas Improvement 


DREXEL BUILDING, 


Chestnut and Fifth Streets, 
PHILADELPHIA. 


OFFICERS : 


THOMAS DOLAN, President. 
GEORGE PHILLER, Ist Vice-President. 
8AM’L T. BODINE, 2d Vice-President and Gen’] Manager 
RANDAL MORGAN, 3d Vice-President. 


EDWARD C. LEE, Sec’y and Treasurer. 
ALEX. C. HUMPHREYS, Gen’! Sup’t. 
WALTON CLARK, Ass’t Gen’] Sup’t. 


DIRECTORS : 


GEORGE PHILLER, W. L. ELKINS, 


WM. G. WARDEN, P. A. B. WIDENER, 
C, A. GRISCOM. W. W. GLBBS, 


BUILDERS, LESSEES AND PURCHASERS OF 


GAS WORKS 
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R From GASOLINE 


DIRECT FROM THE TANK 


CHEAPER THan STEAM, 


No Boiler. No steam. No Engineer. 


Unexeelled for running Elevators, Wood 
Tools, Printing Tresses, cr any kind of 
Machinery. 


OTTO GASOLINE ENGINES 


Stationary or Portable. 
1 to 50 H. P. 8 to 20 H. P. 


70WER FROM GAS 
TOWN 02 PRODUCER GAS. 


Coal Gas Consumption 15 to 20 cubic feet per H. P. per hour, 
according to quality of Gas and size of Engine 
Producer Gas, one pound of Anthracite Pea per H. P. per hour. 
Send for Catalogue, Prices, etc., describing work to be done. 
OTTO GAS ENGINE WORKS, 
33d and Walnut Sts., Philadelphia. 


SWEEPING REDUCTION 
In the Price of Steam Engine Indicators. 


We furnish the Calkin’s Indicator, including one Spring, one hundred 
Cards, one Hank of Cord and one Straight-way Cock, in black walnut case, 
for TWENTY-FIVE DOLLARS. 

Or a complete outfit ; that is, all of the above, together with one Three- 
way Cock, one Planimeter and one Graduated Metal Pantograph, for FORTY 
DOLLARS. 

Guaranteed to be the highest grade, both in design and workmanship. 

Instruments will be sent for inspection to any responsible firm. 

Also makers of Thomson’s Neptune Water Meter, designed by John 
Thomson, M. Am. Soc. C. E. 

Special pamphlets—‘“ Indicators”’ or ‘‘Water Meters” mailed upon 
application. Address, 


NEPTUNE METER COMPANY, 


408, 409, 410 TEMPLE COURT BUILDING, 


(Nassau and Beekman Streets), 


NEW YORK CITY. 


Kindly notice the change of corporate title, ‘‘ Zhomson Hydraulic 
Company,” to that of NEPTUNE METER COMPANY. 


$3. 
ur 
Will 
wa 
—— Send 
desc 
tive « 
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lifting 
ter ai 
L. 
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5 THIS CUT REPRESENTS 


ALMOND’S PATENT 
QUARTER-TURN 
COUPLING 


To Replace Mule Pulleys 
and Bevel Gears. 


It is a noiseless Quarter-Turn 
Countershaft, self-contained, per- 
fectly lubricated, and gives no 

trouble. Send for particulars. 


T. R. ALMOND, 


83 AND 85 WASHINGTON STREET, BROOKLYN, N. Y. 


UNIVERSAL TUBEINJECTOR 


The most Complete and Reliable Boiler-Feeder known. 
ae No adjustment required for varying steam pressure, 
Operated entirely by one handle. 
Will take hot water 
= up to 150 deg. Fahr. 


25 feet. 
Send for Catalogues 
‘ie of Blowers and Ven- 
tilators and Air Com- 
logue. for all 
purpos- 


es. 


Siphon Pumps for 


lifti OVERFLOW. 
“a vba Exhaust Steam Induction Condensers 
for all kinds of Steam-Engines. 


L. SCHUTTE & co. Sole Ma 
TWELFTH AND THOMPSON STS., 


CYRUS pee SUCCESSOR TO 


PAILADA Py 
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PHEDRICE & AYER, 


Manufacturers of 
RICHARDS’ PATENT OPEN-SIDE 
PLANERS AND SHAPERS. 

UNIVERSAL MILLING MACHINES. 
Z56) Special Tools for Railway Repair Shops. 


Portable and Stationary Cylinder 
Boring Machines. 


1001 & 1003 Hamilton Street, - Philadelphia, Pa. 
T FROM | TO 40,000 POUNDS WEIGHT. 
Of Open Hearth, Chester or Bessemer 
Steel. 
True to Pattern. Sound. Solid. 
Gearing of all Kinds, Crank Shafts, 
Knuckles for Car Couplers. 
Cross-Heads, Roekers, Piston-Heads, etc., for Locomotives. 
Steel Castings of Every Description. 
CHESTER STEEL CASTINGS CO. 
WORKS, CHESTER, PA. OFFICE, 407 LIBRARY 8T., PHILA., PA. 


ESTABLISHED 1840. 


HENRY TROEMNER, 
710 Market Street, - Philadelphia, 


MANUFACTURER OF 
ng Assay Balances, 
Analytical Balances, 


Chemical Balances, Fine Weights, &c., &c. 


4a-Price List on Application.-“@s 


Washing and Testing 
Boilers with Hot Water. 


INJECTORS AND JET APPARATUS. 
Rue Mfg Co., Philadelphia, Pa. 


A 


4 
ing, 
Alsd 
El 
Office 
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FAIRMOUNT MACHINE COMPANY 


SUCCESSORS TO 
THOMAS WOOD & COMPANY. 


Twerty-Seoond and Wood Sts. 


PHILADELPHIA. 


CouPLiNes, FRICTION PULLEYS, 
HANGERS, GEARING. 


Sheave Wheels aay size required for Hemp, Manila and Cétton 
Rope Driving. 


Machinery for weaving, Beating, Warping, winding, speck 
ing, reeling, dyeing, sizing, calendering, fulling, &c. 
Also, ‘holsters Or elevatots. 


Morse Elevator Works, 
MORSE WILLIAMS & CO. 


and Bulldérs ot 
Electric, Uydraulle, Bélt ahd Hand-Power 


PA. 


108 Liberty Street, New York. 33 Lincola Street, Bestox. 
82 Charen New Haven. 1116 E St., N. Washington, D. C. 


JJ. E. LONERGAN & CO. 
We. 211 RacE 


| Patent Oilers, Lubricator & Pop Safe fety Valvse 


Railroad, Machinists, Min 
‘and Castings. 
@utilogite free on a cation. 


| 
| 
i 
SHAFTINGS, PULLEYS, 
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‘GEORGE BARNETT. HENRY, BARNETT. 


G. & H. BARNETT, 
BLACK Ao FILE WORKS 


Nos. 2! TO 43 RICHMOND STREET, PHILADELPHIA, 


TESTING MACHINES 


HYDRAULIC PRESSES. 


We are always prepared to make tests 
of all kinds. 


TINIUS OLSEN & 


A. FALKENAU. 
llth Street and Ridge, Avenue, 
PHILADELPHIA, PA. 
UNIVERSAL AND CUTTER GRINDER, 
TOOL GRINDING MACHINES,’ 
SUPERIOR 14-INCH LATHES, 
LOSS PATENT HYDRAULIC VALVES, 
HYDRAULIC MACHINERY, 
PATENT MILLING ‘TOOL ARBOR, 


SPECIAL MACHINERY DESIGNED AND 
CONSTRUCTED. 


CINCINNATI, 


Manufacturers of 


Corliss 
Engines 


Of all Strictly 
first-clags , in every 
respect. 
Shafting, Hangers 
and Pulleys, 
Complete Steam 
Plants. 
SAW MILL MACHINERY. Correspondence Solicited. 


Si 
500 NORTH TW ‘nat 
I 
THE LANE & BODLEY 
| 
| 
T 
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The Harlan & Hollingsworth Company, 


WILMINGTON, DELAWARE. 


BUILDERS OF IRON STEAMSHIPS, 


Steamboats and Iron Sailing Vessels of every description. 
Engines, Boilers and Machine Work in general. 


Large Basin Dry Dock on Simpson's Patent 
IN CONNECTION WITH THEIR WORKS. 
_ New York ROOM BOREEL 


NAYLOR, 
WORKS, 


GIRARD AVE. AND FRONT ST. 
PHILADELPHIA. 


Corliss Engines, Boilers & Tanks 


Shafting and Gearing, Couplings, Pulleys and Hangers. 
STEAM AND HAND CRANES AND HOISTING MACHINERY. 


GENERAL AND SPECIAL MACHINERY 


The Rider Patent Automatic Cut-off Engine: 


General Castings of all Kinds in Green 
Sand or Loam. 


THE TUPPER PATENT GRATE BAR 


| 
ESTABLISHED IN 1836. | 
| 


q 
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fable Tepping, Boring kata 


Machinés for Wood Bori 
Portable Polishing and Emery Wh 
_ Grinding. 


Co, 


26th, CALLOWHILL & BIDDLE STS, 
PHILADELPHIA, PA. 


Burk & McFetridgé Co. 


Printer S, 


Lithographers and Publishers 


306 and 308 Chestnut Street, 


Philadelphia. 


Publishers of TRAFFIC.” 


S. 
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The Hammond Leads the Way. 


WHY? 


Because in speed 
the fastest, the writ- 
ing (on paper of any 
width) always in sight, 
thealignmentremains . 
perfect, it manifolds 2 — 
well, and its superior 4am 
construction makes 
it most durable. 


The Universal 
has the type-bar 
touch. Send for 
a circular describ- 
ing the develop- 
ment. 


Hammond Typewriter Co. 
447-449 EAST 52D STREET, 


Sales Office, - - 77 Nassau Street, 
NEW YORKZ-. 


| 
3 | 
=, 
IDEAL KEYBOARD. 
~ 
UNIVERSAL KEYBOARD. 
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ORGANIZED, 1866. 


THOROUCH INSPECTION. 


insurance against loss or damage to property and loss of life 
and injury to persons caused by 


STEAM BOILER EXPLOSIONS. 


Full information concerning the plan of the Company’s operations can be obtained at the 


COMPANY’S OFFICE, HARTFORD, CONN. 


OR AT ANY AGENCY. 


J, M. ALLEN, Pres. W. B. FRANKLIN, V. Pres. FRANCIS B, ALLEN, 2d V. Pres. J. B. PIERCE, Sect 
BOARD OF DIRECTORs. 


J. M. ALLEN, Presiden Hon. HENRY C. ROSEION, Attorney-at-Law 
FRANK W. CHENEY, ane Cheney Bros.’ Hartford, Con 
Silk Manufacturing Co. Hon. FRANCIS 3 “COOLEY, of the National 
CHARLES M. BEACH, of Beach & Co. Exchange Bank, Hartford, Conn. 
DANIEL PHILLIPS, of Adams Express Co. Rees 2 A. STEDMAN, Treasurer of the 
RICHARD W. H. JARVIS, Pres. Colt’s Fire | delity Company of Hartford, Conn. 
Arms Manufacturing Co. | GEORGE SURNAM. Baldwin Locomotive 
THOS. O. ENDERS, Pres. United States Bank. | Works, Philadelphia. 
LEVERETT BRAINARD, of The Case, Lock- Hox. NATHANIEL. SHIPMAN, Judge, U.S. 
wood & Brainard Co Circuit Coun 


WM. B. FRANKLIN 8. Commis- | C. KIMBALL, Pres. Smyth Mfg. Co., Hart- 
sioner to the Paris Expositio ford, Conn 
a HOLLISTER, of State ‘Bank, Hart-| PHILLIP, CORBIN, of P. & F. Corbin, New 
ritain, Conn 


GENERAL AGENTS. OFFICES. 
THEO. H. BABCOCK, New York City, Office, 285 Broadway. 
CORBIN & GOODRICH, Philadelphia. “ 432 Walnut t. 
LAWFORD & McKIM, Md. Street. 

on, 5} 

C. E. ROBERTS, { Providence, R. 29 Wey bosset St. 
H. M. LEMON, Chicago, Ill. ” 112 Quincy Street. 
Cc. C. GARDINER, St. Louis, Mo., " 404 Market Street, 
L. B. PERKINS, Hartford, Conn., bei 218 Main Street, 
Ww. G. LINEBURGH & SON Bridgeport, Conn., Sanford 
BURWELL & BRIGGS, Cleveland, Ohio, “ 208 Superior Street, 
MANN & WILSON San Francisco. Cal., a 306 Sansome Street. 
ZOLLARS & McGREW, Denver, Col., Mining Ex. B 
R. F. MANLY, Birmingham. Ala., Morris Building 
W. 8S. HASTIE & SON, Charleston, 8. C. ‘* 44 Broad Street. 


PETER F. PESCUD, New Orleans, La., “ 188 Gravier St. 
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THE JOHN SCOTT 
Legacy antl Hreninm, 


The City of Philadelphia holds in trust under the legacy of 


John Scott, of Edinburgh, 


a sum of money, the interest of which is to be used for the encouragement of “ in- 
genious men and women who make useful inventions.” The legacy provides for 
the distribution of a Medal, inscribed 


“TO THE MOST DESERVING,” 


and Money Premium in the sum of $20 to such persons whose in- 
ventions shal! merit the same. The examination of the inventions submitted for 
the Medal and Premium has been delegated by the Board of City Trusts, of 
the City of Philadelphia, to the Franxum Iystrrore, and the Instrruts, under 
the competent assistance of its 


Committee on Science and the Arts, 


undertakes to make the investigations free of charge and to recommend for the 


award all meritorious inventions. 
Applications should be addressed to the 


SECRETARY OF THE FRANKLIN INSTITUTE, 


from whom all information relative thereto may be obtained. 
Pursuant to the regulations for the award of the 


JOHN SCOTT LEGACY MEDAL AND PREMIUM, 
The FRANKLIN INSTITUTE, of the STATE of PENNSYLVANIA, 


has under consideration favorable reports upon accompanying applications. Any 
objection to the proposed awards, or evidence of want of originality of the inven- 
tion, may be communicated to the Secretary of the Institute within three 
months of the date of notice. 
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Hall of the Institute. 


DECEMBER, 1893. 


Notice is hereby given that the FRanxin InstITUTE, 
through its Committee on Science and the Arts, has awarded, 


subject to proper objections as hereinatter stated, 


The 
John Scott Legacy Medal and Premium 


JARVIS B. EDSON, 


of New York, N. Y., for his 


«INVENTION OF A PRESSURE RECORDING GAUGE.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice ito the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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fall of the Institute. 


OctoBER, 1893. 
Notice is hereby given that the Frankuin InstiTuTF, 
through its Committee on Science and the Arts, has awarded, 
subject to proper objection as hereinafter stated, 


The 
John Scott Legacy Medal and Premium 


TO 


NELSON W. PERRY, 


of Cincinnati, Ohio, for his 


« SYSTEM OF SERIES ELECTRIC TRACTION 
FOR RAILWAYS.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRanxKLIN InstrtuTE, Philadelphia. 


WILLIAM H. WAHL. Secretary. 
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Hall of the Institute. 


NovemBeR, 1893. 


Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has awarded, 


subject to proper objection as hereinafter stated, 


The 
John Scott Legacy Medal and Premium. 


TO 


JOHN T. WILKIN, 


of Connersville, Indiana, for his 


“ METHOD AND APPARATUS FOR GENERATING 
CYCLOIDAL SURFACES.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Institute. 


DECEMBER, 1893. 


Notice is hereby given that the FRanxuin_ InsTITUTE, 
through its Committee on Science and the Arts, has awarded, 
subject to proper objection as hereinafter stated, 


The 
John Scott Legacy Medal and Premium 


TO 


W. F. C. MORSELL, 


of Philadelphia, for his 


«“ APPLICATION OF POLARIZED LIGHT TO THE SYSTE- 
MATIC STUDY OF COLOR AND CRYSTAL 
PATTERNS FOR DESIGN.” 


Any objection to the above award should be commu- 
nicated within three months of the date of this notice to the 
Secretary of the FRANKLIN InstiTUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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Hall of the Justitute. 


D&CEMBER, 1893. 
Notice is hereby given that the FRANKLIN INSTITUTE, 
through its Committee on Science and the Arts, has awarded, 


subject to proper objection as hereinafter stated, 


The 
John Scott Legacy Medal and Premium. 


TO 


FRANK SHUMAN, 


of Philadelphia, for his 


“MACHINE AND PROCESS FOR EMBEDDING 
WIRE NETTING IN GLASS.” 


Any objection to the above award should be- commu- 
nicated within three months of the date of this notice to the 


Secretary of the FRANKLIN INstITUTE, Philadelphia. 


WILLIAM H. WAHL, Secretary. 
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J. BEALE, 
SOLICITOR OF PATENTS; 


606 F STREET, N. W., WASHINGTON, D. ¢. 


WHITMAN & WILKINSON, 
Patent Lawyers, 


930 F STREET, WASHINGTON, D. O. 


PATENTS. . 
SPECIALTIES FOR EXPERT WORK. 
lurgien! Inventions and Interference 


We without 


our 
tion is took, 
ent Practice.’ 


CHAMPION & CHAMPION, 
Pacific Building, Washington, D. C,. 


ge whether 
Send for our new 


“Pat- 


JOS. O. OSGOOD, 


M. Am. Séc. B., 
CONSULTING ENGINEER, 


120 BROADWAY, NEW YORK. 
Makes specialty of reports on railroads and 


other investment mage in 
Examinations in any part of the 


country, 


THE BROWNELL & COMPANY, 
Manufacturers o nes, Boilers, Saw 
ills and Iron Work, 


DAYTON, OHIO. 


THE UNIVERSAL RADIAL DRILL CO. 
MACHINE TOOLS, 
CINCINNATI, 


THE 


Factories, Steam Plants and Machinery. Write 


BOUGHEN ENGINEERING co. 
Engineers and 


ATT, ONTO. 
for Catalogue. 


| DAVID EVANS, | 
CIVIL ENGINEER AND ARCHITECT, 


Jay M. WHITHAM, 
STEAM and HYDRAULIC ENGINEER, 


131 S. THIRD ST., PHILADELPHIA, 


WILLIA™ C. GATZMBR, 


Civil and Mechanical 
Marine Architecture, 


WM. VAN SLOOTEN, ©. E. 
No. 74 WALL STREET, 
NBW YORK CITY. 


182 §. Delaware Ave, and Tagony, Philadelphia. 
like this 


of containing first insertion 
of adver. 


Procured. 
&. MORGAN ELDRIDGE. 
ATTORNEY AT LAW, 
708 WALNUT ST., PHILADELPHIA. 


_ Space like this on this page, $12.00 
per year, payable on réceipt of copy 
of Journa! containing first insertion 
of adver. 
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The Maddox 
Cotton and Wire Belting, 


Made of Cable Steel Wire and Cotton 
Woven Together, 


Is absolutely the strongest, tonghest, most powerful, flexible, durable and lasting 
belting made, without any exception whatever. It is stronger, tougher and more 
durable and will transmit more power than the best oak tanned double leather 
belting made. It will not stretch or slip even when wet. It is waterproof and is 
not affected any by water, steam, dampness, moisture, heat, dryness, oils, grease, 
acids, chemicals, dust, changes of climate or weather. It will not rot, mildew, 
crack, or get-hard or stiff. IT IS CHEAPER IN PRICE THAN SINGLE 
LEATHER BELTING AND 50 PER CENT. CHEAPER THAN DOUBLE 
LEATHER BELTING. PECULIARLY WELL ADAPTED FOR RAIL- 
ROAD SHOPS. | 


PURE CORUNDUM WHEELS. 


These wheels are 


made of pure Sap- They will not 


hire, North Caro- 
ina and Georgia 
Corundum. Contain 


no Emery ; are vitri- Ag 


fied at a low heat 


and have a uniform 
temper. One of the 
most free, fast cut- Wi 


ting, durable,strong- 
est and safest made. 
Will cut faster, do 
more work and last 
longer than any 
Emery Wheel. 


glaze, will not heat 
saws, knives, tools or 
tempered steel so as 


to draw the temper, 


case-harden or burn, 


“them; are uniform 
min temper and will 
fy wear even and true 
my and not get out of 


balance. They are 
the best wheels for 
ranning in water 
ever made. 


Are sold on their merits on trial and can be returned if not satisfactory. 


H. N. GREEN, General Agent, 
12 Wooster NEW YORK. 
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GEORGE In., President. JOHN CALDWELL, Treasurer, 
T. W. WELSH, “a dent. W. W. CARD, Secretary. 
H. H. WESTINGHOUSE, General — 


CHE WESTINGHOUSE 


PITTSBURGH, PA.; U. S. A. 


MANUFACTURERS OF THE 


The WESTINGHOUSE AUTOMATIC BRAKE is now in use on 24,000 
engines and 325,000 cars. This includes (with plain brakes) 232,000 freight 
cars, which is about 23 per cent. of the entire Freight Car Equipment of this 
country, and about 80 per cent. of these are engaged in Interstate traffic, afford- 
ing the opportunity of controlling the speed of trains by their use on railways 


over which they may pass. . Orders. have been received for 173,000 of the 
improved quick-action brakes since December, 1887, 

The best results are obtained-in freight train braking from having all the cars 
in a train fitted with power brakes, but several years’ experience has proven con- 
clusively that brakes can be successfully and profitably used on freight trains where 
‘but a portion of the cars are so equipped. 


‘®. L. ADREON, Manager. JOHN B. GRAY, Agent. . C. C. HIGHAM, Gen’! Supt, 


The American Brake Co. 
The Westinghouse Air Brake Co., Lessee. 


New York Office: Chicago Office: 
460 Srosdwey; John B. Gray, Agent. Grand Pacific Hotel. 
——MANUFACTURERS OF 


LOCOMOTIVE + BRAKES. 
General Offices, St. Louis, Mo., U.S. A. 
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THE GENUINE 


Boiler Compound. 


Which is acknowledged by authorities and aceorded the confidéncé of 
manufacturers thtoughout the United States ‘and foreign cotntries, 
manufactured exclusively by George W. Lord, practical chemist and 
inventor. Attention is called to other parties, who, through the 
appropriation of my antiquated patent, have deluded many manufac- 
turers into presenting them With théir order for Lord’s Boiler Compound. 
The use of the above formula, patented in 1869, has been long diseon- 
tinved, Owing to niy distovery of néw ‘cHehticals, ‘Which, tipo 
critical ‘experiment, have déthdnstrated their supeéridrity. Lord's 
Boiler Compound manufactured at the ‘présént fime is an afticle 
greatly superior to the formula patentéd by file in 1869. Address 


GENERAL ELECTRIG COMPANY, 


NEW YORK and BOSTON. 


Complete Electric Equipments. 
STATIONARY MOTORS FOR ALL POWER PURPOSES. 
Transmission of Power by Electricity. 


Electrical Apparatus for Mines. 


DISTRICT OFFICES. 


44 Broad St:, New York City. 620 Atiantic Ave., Boston, Mase. 

173 & 175 Adams St., Chicago, Ill. 509 Arch St., Philadelphia, Pa. 

Fifth and Race Sts., Cincinnati, O. 401-407 Sibiey St., St. Paul, Minn. 

Equitable Building, Atianta, Ga. 1333 F St., N. W., Washington, D. C. 
First St., San Franciseo, Cal. Masonic Temple, Denver, Col. 


All business outside of the United States transacted by the THOMSON- 
HOUSTON INTERNATIONAL ELECTRIC COMPANY, 44 BROAD STREET, 
NEW YORK CITY. 


ELE 


| 
| GRORGE W. LORD, 816 Union Street, Philadelphia, Pa. 
| 
Strat 


DEVOTED TO 


Science and the Mechanic Arts. + 


bie 


Pror. Ev» J. Hovstom, A.M., Mm) Tueo. D. Ranp, 


Co. Seuugrs, D., Pror. H. W. SPancier, Mr. J. C. 
RAUTWINE, Committee on Publications : 
with the Assistance of 


H. Wamn, Secretary of the Institute. 


DECEMBE 1893. 


CONTENTS. 


On Lights: other High Frequency Phenomena. By Nikola Tesla 401 


The History ood Modern Development of the Art of Seepemngesble Construc- 
tion in Vicchanism, By Destee, 
The Mods of Testing Fate and Oils, By Dr. Ernest Mailliau, Do 
-ernment Testing Laboratory at Marseilles, France (conc/uded), . 
The Atomic Weight of Molybdenum. By Edgar F. Smith and Philip Maas, a 
ELECTRICAL SmcTioN: Proceed 
Notes on Recent in ‘Electricity Abroad— Part By Carl 


SecTiIon | \cineers AND NAWAL Proceedings,. . . . 


Srare Wee vce Seavie, Mouthly Bulletin and 
Pac OF Vout, CXXX Vi-—July—Desember, 1893, inclusive. 


 (OGRAMME OF STATED MEETING: — 
W ednesday, December 20, 1893, 8 P. M. 1S 
The Secretary's Report 
Nomin« ions for Officers for 1894. 


ay THE FRANKLIN INSTETOTE, 
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Howson AND HOWSON 
COUNSELLORS AT LAW 
SOLICITORS OF PATENTS 


PHILADELPHIA 
Forrest Building, 119 South Fourth Street 


NEW YORK 
Potter Building, 38 Park Row 


WASHINGTON 
Atlantic Building, 928 © Street 


Manufactarer of Speidel’s Patent 
ECONOMIC SAFETY HOISTING MACHINES. 


PORTABES Sneha HOISTS, 800 to 30,000 LBS:OAPACITY. 


to lift two to three times as fast as other hoista. 
OVERHEAD TRAMWAY, TROLLEYS, SWITCHES, ETC. 


TRAVELING CRANES 
Up to 15 tons capasiiy. and 50 ft. spen. 


SWING CRANES AND. SPEGIAL HOISTING MACHINERY, 


Send for lUustrated Catalogue and Price-EAst. 


Wiminacron, DEL. 


Makers of 


Machine Tools 


HORIZON TAL BORING AND 
DRILLING MAQGHINES 
BORING AND TURNING MILLS, 

FROM & TO 2G FEET 


RADIAL DRILLS, 
SLOTTERS, Eto. Ete. 


Chicago fice: 145, Canal St 
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should be true in ‘color, ig tone, 
reliable in of unverying wniform- 
ity, end 
DRAWING INKs are known the world over 
‘or these aad other good gua thes, Al- 
ways ask for Hrcerne’. lly 
whether want Black or or 
bresh ot work, tyaive cents 
per bottle ALL eas; thirty-five 
cents by mail, prepaid, from the manu- 
facturers. Send for circularé. 


HARDENED 
TOOL STEEL 


DIAMETE! 


 LECTRICAL FORGING 


DRAWING 
90.00 
400° 
6200. 
Discount Governed by Quantity Purdiased. 
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THE AMERICAN WRITING MACHINE CO., Hartford, Conn. 


14 W, 4TH 


2RANOH OFFICES: 237 BROADWAY, ™ 
OUNCENNATY, 0. 
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, PHILADELPHIA. 
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